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Figure 34.  Paleogene paleodrainage reconstruction for the study area in southwest
Montana. Reconstruction illustrates two separate drainage systems, both with headwaters
in the Boulder batholith. The drainage systems were separated by a drainage divide that 
connected the Highland Range and the Tobacco Root Mountains during the Paleogene. This 
paleodrainage reconstruction is supported by detrital zircon provenance, facies interpretations, 
and paleoflow measurements. Intermontane basins of the study area:  D = Divide, M = Melrose, 
FP = Frying Pan, BH = Beaverhead, R = Rochester, J = Jefferson.  



sourced from recycling Mesozoic sedimentary, Proterozoic, and Archean bedrock, along with 

input from the syndepositional Dillon volcanics (Fig. 35). These two systems were separated by 

a Paleogene paleodrainage divide that may have coincided with the crest of a Paleogene 

basement high interpreted by Rasmussen and Fields (1985) and Hanneman (1989) via gravity 

and 2-D seismic imaging.  

Detrital zircon analysis of modern fluvial deposits demonstrated that contribution of 

sediment from zircon-bearing source rock in a drainage basin will compose 5% of a population 

of 60 grains (Link et al., 2005). If the southern and eastern systems in the study area were 

contiguous, each detrital zircon population observed in the “upstream” southern reaches would 

comprise 5% of the detrital zircon in the “downstream” eastern reaches. Hypothetical 

“upstream” and “downstream” classifications are assigned on the basis on paleoflow indicators. 

The abundance of zircon derived from the Dillon volcanics or recycled from Mesozoic 

sedimentary, Proterozoic, and Archean bedrock that characterizes the detrital zircon signature of 

the system to the south, compared to the eastern system that lacks these grains, suggest that these 

systems were not connected during the Paleogene.  

The eastward flowing drainage system, herein referred to as the ancestral Missouri River 

headwaters system, had headwaters in the Boulder batholith and the northern Tobacco Root 

Mountains. The ancestral Missouri headwaters drainage consisted of several first-order alluvial 

fans and associated fluvial distributary systems that drained the Boulder batholith to the west and 

converged in the center of the lower Jefferson basin to form a second-order system which 

drained to the east. Detrital zircon samples (R1, R2, and CLA7) from this system are dominated 

by Boulder batholith and associated Elkhorn Mountains volcanics zircons (Fig. 35). Only two 

zircons not attributable to the Boulder batholith or Elkhorn Mountains volcanics are observed in 
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Figure 35.  Detrital zircon provenance signatures to the west and east of the Boulder batholith 
suggest that two separate Paleogene drainages were in place during the Chadronian.  Note the 
absence of Paleozoic and Archean zircon in the system east of the Boulder batholith.     
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this system. Two Precambrian zircons yield ages of 1.9 and 1.7 Ga and were likely sourced by 

the Flathead Sandstone, the Belt Supergroup, or Paleoproterozoic metamorphic rocks that are 

both exposed in the northwestern Tobacco Root Mountains (Vuke et al., 2007). Thin section 

petrography of a trunk fluvial sandstone (Jeff-6-09) of the Bone Basin member of the Renova 

Formation reveals significant amounts of chlorite and hornblende grains, marking noteworthy 

mafic input into the system (Fig. 36). The source of this mafic material likely originated from the 

northern Tobacco Root Mountains. Because mafic rocks typically contain little to no zircon 

(Fedo et al., 2003), input from these sources is not apparent in the detrital zircon data. Also, the 

Paleogene distribution of facies in the Jefferson basin (Fig. 19) was marked by massive alluvial 

fans shed from the Boulder batholith along the western margin of the basin, and much smaller 

alluvial fans shed from the Tobacco Root Mountains on the eastern side of the basin. Based on 

respective fan geometry and size, the large Boulder batholith-sourced alluvial systems 

contributed more detritus to the basin than the smaller Tobacco Root Mountains-sourced alluvial 

systems. Southward flowing fluvial systems in the North Boulder basin and northeastward 

flowing fluvial systems in the Harrison basin likely converged with the eastern system in the 

lower Jefferson basin or the Three Forks basin (Rothfuss et al., 2009b).  

 The southward flowing drainage system, herein referred to as the Pioneer River, was 

largely confined within the Sevier fold thrust belt and had headwaters in the eastern Pioneer 

Mountains and the Boulder batholith-Highland Range. The Divide-Melrose system likely 

drained southward into the Beaverhead basin (Fig. 34), but may also have been a closed basin 

system at least during part of its existence. First-order drainages routed sediment from the 

southern Highland Range and ancestral Tobacco Root Mountains into a second-order drainage 

that flowed southwestward into the Beaverhead basin, where it may have converged with south-
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Hbl
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Figure 36. Photomicrograph (10X, PL) of hornblende (Hbl) and chlorite (Chl) in the trunk 
fluvial sandstone (Jeff-6-09) of the Bone Basin member of the Renova Formation in the lower 
Jefferson basin. Thin section sample is from the same locality as detrital zircon samples R1 and 
R2. 
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flowing Divide-Melrose drainages in the area south of McCartney Mountain. This second-order 

system continued southward into the Beaverhead basin, where it received input from an 

eastward-directed first-order system of the Frying Pan basin. The confluence of the first order 

Frying Pan basin just north of Dillon had headwaters in the eastern adjacent Pioneer Mountains 

and associated Pioneer batholith.  

From the confluence with the Frying Pan drainage, the Pioneer River likely continued to 

flow southward, possibly into the Sage Creek basin. Thomas (1995) documented southeastward 

paleoflow indicators in Paleogene sediments of the Sage Creek basin (Fig. 3), which may 

represent the lower reaches of the Pioneer River. Continuing southward, these systems may have 

joined with a Paleogene remnant of the Beaverhead-Harebell-Pinyon Megafan (Janecke et al., 

2000), ultimately flowing into either the Wind River or the Green River basins of Wyoming. 

Fritz et al. (2007) propose that the Renova paleodrainages may have drained to the southeast into 

a Paleogene basin that Seeland (1985) mapped into the White River Group of eastern Wyoming 

and western Nebraska.  

 Alternately, the contiguous Divide-Melrose and Beaverhead basins may have been 

hydrologically closed basins. A second, closed-basin hypothesis must also be considered for the 

Divide-Melrose and Beaverhead basins. The primary evidence to support an internally-drained 

configuration for the Divide-Melrose basins is the presence of lacustrine to paludal sandy 

mudstones on the western flank of the Melrose basin. Detrital zircon geochronology of 

sandstones in the Divide-Melrose basins compared with sandstones in the Beaverhead basin does 

not conclusively resolve whether the basins were contiguous during the Paleogene because 

exposed bedrock in the highlands bounding the Divide-Melrose basins is equivalent to exposed 

bedrock in the highlands bounding the Beaverhead basin. The southern portion of the Melrose 
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basin may have been separated from the northern Beaverhead basin by a structural high along the 

crest of the McCartney Mountain Salient and leading edge of the Sevier fold thrust belt. The 

Beaverhead basin may also have lacked a drainage outlet, suggested by abundant lacustrine to 

paludal sandy mudstones. Previous workers have also considered the possibility of closed-basin 

conditions during punctuated arid intervals during the Paleogene. For examples, Lielke (2010) 

has proposed an Oligocene closed-basin system for the upper Ruby Valley to the east of the 

study area.  

Regional Paleogene Paleodrainage Evolution 

A mid-Eocene (~49 Ma) hydrologic drainage reorganization of southwest Montana has 

been interpreted from a negative shift in 
18

O values of pedogenic carbonates in the Upper Sage 

Creek member of the Renova Formation in the Sage Creek basin (Kent-Corson et al., 2010, in 

press). This negative shift in 
18

O values is attributed to the onset of contemporaneous Challis 

magmatism in the study area. Carroll et al. (2008) document a negative shift in 
18

O values for 

the Green River Formation that is synchronous with the mid-Eocene negative shift in 
18

O values 

in the Sage Creek basin, and attribute this shift to the capture of a foreland river or rivers that 

drained higher topography toward the north, most likely in north-central Idaho.  

The current drainage configuration of the modern lower Jefferson basin is regionally 

integrated with the modern Big Hole watershed, which drains the Divide-Melrose basins and has 

headwaters to the west in Idaho (Fig. 37). Connection between the ancestral Missouri River 

headwaters system and the herein proposed Pioneer River was not established until ~6 to 4 Ma as 

marked by deposition of the Big Hole gravel of the Sixmile Creek Formation, and is linked to 

tectonically driven drainage reversals spurred by northeastern migration of the Yellowstone 

hotspot along the Eastern Snake River Plain (Fig. 37) (Sears et al., 2009).   
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Figure 37. This three-part diagram illustrates drainage evolution of southwest Montana 
since the Cretaceous.  Notice the strong similarity between Late Cretaceous (from Schwartz and
DeCelles, 1988) and Paleogene drainage patterns, suggesting inheritance.  The modern 
configuration was assumed ~6-4 Ma due to drainage reversals driven by thermal doming 
associated with the Snake River Plain - Yellowstone (Sears et al., 2009).
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Controls on Renova Paleodrainage Configuration 

Paleogene paleodrainage reconstruction for the study area demonstrates strong 

inheritance from an ancestral Cretaceous drainage configuration. Previous workers (Janecke et 

al., 2000) have proposed that Cenozoic drainage systems in southwestern-most Montana and 

southeastern-most Idaho occupied Late Cretaceous paleovalleys, marked by long distance 

transport across the Sevier fold thrust belt. Paleodrainages and facies distributions in the study 

area denote that sediment disperal routes of the Renova Formation were similarly influenced by 

the Late Cretaceous Sevier-Laramide structural grain. Renova Formation fluvial networks were 

routed around relict Laramide highlands and Late Cretaceous plutons, approximately mimicking 

pre-existing paleodrainage reconstructions for the Cretaceous Kootenai, Blackleaf, and Frontier 

formations (Schwartz and DeCelles, 1988). This suggests the regional Paleogene fluvial system 

may have had an ancestral origin in Cretaceous drainage routes (Fig. 37).   
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INTERMONTANE BASIN DEVELOPMENT 

 

Internal Configuration of the Renova Basin 

 Facies data, together with paleogeography and paleodrainage reconstructions, reveal that 

in the vicinity of the Southwest Montana Re-entrant of the Sevier fold thrust belt, the Renova 

Formation was deposited in discrete intermontane basins, very similar in geographic position and 

size as the modern intermontane basins (Fig. 38). Facies and provenance data reveal that during 

the Paleogene, relict Sevier-Laramide uplifts of crystalline basement served as highlands that 

segmented the regional Renova basin depocenter into localized intermontane basins. Paleogene 

alluvial facies flank the margins of modern highlands, including the Pioneer Mountains, 

McCartney Mountain, and the Boulder batholith-Highland Range (Fig. 19). Furthermore, grain 

size of Renova alluvial deposits range up to boulder, indicating that those highlands exhibited 

significant paleorelief (Fig. 19), likely comparable, or perhaps even greater than exists today.  

Stroup et al. (2008) also documented internal paleotopographic highlands within the 

Renova basin and produced a model that depicted a Paleogene eastward flowing braidplain 

routed around these relict highlands. Paleogene paleodrainage reconstructions from this project 

depict limited connectivity between the intermontane basins in the study area, most notably 

between the Divide-Melrose-Beaverhead basin to the west and south of the Boulder batholith 

and the lower Jefferson basin to the east of the Boulder batholith. The limited extent of 

continuity between adjoining Paleogene basins, coupled with the possibility of intermittent 

closed basin conditions, rests in stark contrast to Fritz and Sears (1993), Thomas’ (1995), and 

Stroup et al. (2008) models (Fig. 4c) for a broad continuous Renova basin sourced from the west.  
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Figure 38.  General geologic and structural map of the study area in the Paleogene, 
specifically the Arikareean (modified from Ruppel, 1993 and supplemented with data and 
interpretations from this study). Note occurrence of Paleogene highlands with respect to 
Sevier-Laramide structural culminations. See cross section A to A’  through the Divide and 
Jefferson basins.  Note the difference in basin sediment thickness, basin geometry, and 
relative amount of denudation of the Boulder batholith. Cross section compiled from Wigger 
(1985) and Lageson (2001). TR = Tobacco Root Range.     
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Origins and Paleogeography of Renova Intermontane Basins 

 Detrital zircon, facies, and thickness trends of the Renova Formation reveal that the 

Divide-Melrose and upper Jefferson basins vary in their developmental infilling history and 

structural configuration. Detrital zircon geochronology of the Renova Formation in the Divide-

Melrose basins and the Jefferson basin reveals asymmetric unroofing of the Boulder batholith 

(Fig. 35). Firstly, the detrital zircon signature of trunk fluvial sandstones in the Divide-Melrose 

do not show an abundance of Boulder-batholith sourced zircon until the Arikareean. This is 

notably different from detrital zircon signatures of Paleogene sediments to the east of the 

Boulder batholith in the Jefferson basin, which show abundant Boulder batholith-derived detritus 

by the Chadronian. This suggests that rates of unroofing were strikingly different between the 

western and eastern sides of the Boulder batholith.  

Based on seismic stratigraphy and correlation of regional paleosol horizons, late Uintan 

to late Chadronian sediments in the Divide and Melrose basins are ~150 m thick, which is < 10% 

as thick as late Uintan to late Chadronian sediments in the Jefferson basin, which total 1600 m 

(Hanneman, 1989). This stark difference in preserved accumulations of Renova Formation strata 

to the west and east of the Boulder batholith points to different subsidence mechanisms and 

origins of accumulation space generation in each respective batholith-bounding basin during the 

Paleogene. 

The prospect that the intermontane basins of southwest Montana may have differing 

origins can help quell the long-standing debate over basin origin. Controversy over basin origin 

has been a heated debate between researchers working in spatially segregated field areas (Fritz et 

al., 2007). It is apparent that each basin needs to be studied on a case-by-case basis to synthesize 

a comprehensive history of intermontane basin development for the region.  
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Basin Origins 

Jefferson Basin 

 The Jefferson basin to the east of the Boulder batholith lies along the eastern margin of 

the Southwest Montana re-entrant of the Sevier fold-thrust belt. The modern Jefferson basin is 

asymmetrical in cross-section, with large, steep, west-dipping normal faults dating at least to the 

Paleogene on the eastern flank and at least one east-dipping fault of smaller magnitude on the 

west flank (Fig. 39; Rasmussen and Fields, 1985). However, early origination of the basin likely 

began during the Late Cretaceous. At that time, an ancestral Jefferson River tributary to the 

Pioneer River system flowed southward along the leading edge of the Sevier fold thrust belt in an 

embryonic intraforeland basin situated between the incipient Boulder batholith-Highland Range 

to the west and the incipient Tobacco Root Range and batholith to the east (Fig. 39; Fig. 40) 

(Schwartz and DeCelles, 1988). Later at some point during Paleogene time, subsequent to 

Laramide intraforeland basin development, an extensional phase of basin evolution initiated in 

the upper Jefferson basin, as an extensional half-graben formed by normal faulting along the 

eastern basin margin (Hanneman, 1989). Rasmussen and Fields (1985) observed thickening of 

Tertiary sediments towards the eastern basin-bounding fault. Later, another normal fault 

developed along the western margin of the basin; the age of the east-dipping fault on the west 

flank is poorly constrained, but is generally viewed as Neogene, and is likely related to 

extensional faulting associated with outbreak of the Yellowstone hotspot at ~17 Ma (Sears et al., 

2009). Extension in the upper Jefferson basin may have originated in response to collapse of the 

Cordilleran orogenic wedge (Constenius, 1996). The modern basin is marked by relative tectonic 

quiescence, denoted by extensive footwall fan progradation on the eastern side of the basin (Fig. 

40).  
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Figure 39.  Structural evolution of the Jefferson basin with respect to time.  Basin formed in 
the ~Paleogene due to extensional reactivation of a Sevier thrust fault, the Hell Roaring 
thrust (HRT).   The Hell Roaring thrust bounds the western margin of the Tobacco Root 
Mountains.  Present cross section modified from Wigger (1985).    
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Figure 40.  A.) Late Cretaceous paleogeography and structural configuration of the incipient 
Jefferson basin.  Note the Sevier thrust fault, interpreted as the Hell Roaring thrust, on 
leading edge of the incipient Boulder batholith. Schwartz and DeCelles (1988) documented 
southward fluvial paleoflow in a Late Cretaceous intraforeland basin located between the 
incipient Boulder batholith to west and the embryonic Tobacco Root Mountains to the east.  
The Cretaceous Kootenai drainage may be the predecessor to the southward-flowing 
Paleogene Jefferson basin drainage    B.) Paleogene half-graben in the upper Jefferson 
basin.  Note massive hanging wall fans draining the Boulder batholith.  Abundant Boulder 
batholith detritus was sourced into the system by prograding hanging wall fans.  Relatively 
little material was sourced from smaller footwall fans flanking the Tobacco Root Mountains 
on the other side of the basin.  Extension was accomodated by normal reactivation of a splay 
of the Sevier-Hell Roaring thrust.  C.) Presently, the Jefferson basin is experiencing relative 
tectonic quiescence marked by progradation of footwall fans into the basin center.  The 
Jefferson basin may have developed into a graben during the Neogene.    
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During late Uintan to late Chadronian deposition of the Renova Formation, the upper 

Jefferson basin was partitioned into two sub-basins by a basement high. The basement high can 

be imaged in the subsurface in the vicinity of Twin Bridges, MT using gravity and 2-D seismic 

data (Rasmussen and Fields, 1985; Hanneman, 1989) and could potentially be structurally linked 

to restraining bends in the strike-slip Hell Canyon or Twin Bridges faults (Ruppel, 1993), which 

bisect the basin from west to east.  

The Boulder batholith lies on the hanging wall of the Hell Roaring thrust, adjacent to the 

normally-fault bounded upper Jefferson basin (Fig. 39). The eastern portion of the Boulder 

batholith was unroofed before the western portion. Unroofing trends are reflected in detrital 

zircon age populations as well as arkosic sandstone composition (Jeff-6-09) of fluvial deposits of 

the Bone Basin member of the Renova formation. Massive hanging wall fans drained the 

Boulder batholith-Highland Mountains (Fig. 40) and supplied substantial amounts of sediment to 

the drainages in the Jefferson basin to east of the Boulder batholith. Accelerated unroofing of the 

eastern portion of the Boulder batholith was driven by rapid erosion rates linked to progradation 

of hanging wall fans into the Jefferson basin. Much smaller hanging wall fans, like those in the 

Bone Basin member (Kuenzi, 1966; Kuenzi and Fields, 1971), drained the eastern margin of the 

basin and supplied minimal detritus from the Tobacco Root Mountains (Fig. 40).  

Divide-Melrose Basins 

The Divide-Melrose basin complex to the west of the Boulder batholith has a complex 

history as a paleovalley dating back at least to the Late Cretaceous (Sears and Ryan, 2003). 

During the Late Cretaceous, the ancestral Divide-Melrose basins occupied a piggy-back basin 

bounded to the west by the Grasshopper thrust plate and to the east by the Frontal fold thrust belt 

and incipient Boulder batholith (Fig. 41) (Schwartz and DeCelles, 1988). This ancestral 
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Figure 41.  Structural evolution of the Divide basin with respect to time.  Basin has an ancestral origin as a Late Cretaceous 
piggy-back basin on the leading edge of the Grasshopper thrust (GHT).  Note stranded Renova outcrops in post-Renova present 
half-grabens.  Present cross section modified from Vuke (2004).  Dashed faults are inferred.      
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Cretaceous configuration is interpreted from delineated Late Cretaceous paleovalley deposits of 

the Beaverhead Group and Golden Spike Formations that lie along the leading edge of the 

Grasshopper thrust plate (Fig. 42) (Sears and Ryan, 2003).  

Following the cessation of Sevier-Laramide thrusting, the Divide-Melrose paleovalley 

continued to act as a drainage conduit into the Paleogene (Sears and Ryan, 2003; Vuke, 2004). 

Fluvial incision along the strike of the paleovalley likely initiated along a pre-existing zone of 

crustal weakness (Fig. 41) during early-middle Eocene time due to a drop in regional base level. 

Decrease in base level may have been in response to a 2.5-3.5 km increase in regional elevation 

c. 50 Ma inferred from 
18

O records of authigenic carbonate (Kent-Corson et al., 2006), possibly 

initiated due to regional isostatic uplift in response to either gravitational collapse of the 

overthickened Cordilleran orogenic wedge (Constenius, 1996) or delamination of the mantle 

lithosphere or removal of the subducted Farallon slab (Humphreys, 1995). Accumulation of 

Renova strata in erosional valleys may have coincided with a rise in base level during the 

middle-late Eocene.  

During the Paleogene, the western half of the Boulder batholith was unroofed several 

million years after unroofing of the eastern portion. Due to relative tectonic quiescence in the 

Divide-Melrose basins, accommodation space in the basin remained limited, and topographic 

relief was minimal due to the lack of normal fault offset. Alluvial fans did drain into the Divide 

basin (Fig. 42) during deposition of late Uintan to late Chadronian sediments, but the drainage 

catchments of these fans were much smaller in scale than the Paleogene fan systems that are 

preserved on the western margin of the Jefferson basin. Facies maps of the Divide basin reveal 

dominance by deposits of basin-axial fluvial systems. The Melrose basin was dominated by a 

lacustrine to paludal setting, with minor alluvial fan input during the Paleogene (Fig. 19).  
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Figure 42.  A.) Late Cretaceous piggy-back basin ancestral origin of the Divide basin.  Note 
syndepositional thrusting along the Grasshopper Thrust Plate (GHT) forced rivers to migrate 
basinward.  B.) Paleogene Divide basin is a paleovalley of a Late Cretaceous piggy-back basin 
on the leading edge of the GHT.  Paleovalley origin was first proposed by Sears and Ryan 
(2003).  Incision of the valley may have been driven by a drop in base level at 50 Ma in 
response to a 2-3 km increase in regional elevation (Kent-Corson et al., 2006).    C.)  Present 
Divide basin is bounded by normal faults.  However, Neogene subsidence in the Divide basin 
is significantly less than in most other local intermontane basins.
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Subsequent to Renova deposition, the Divide-Melrose basin evolved from a primarily 

erosional paleovalley into a graben bound by normal faults on both the western and eastern 

flanks (Fig. 41). The Cenozoic basin-bounding faults appear to have developed along zones of 

preexisting weakness at the southern boundaries of Boulder Batholith plutons (Vuke, 2004). 

Post-Renova faulting in the Divide basin was likely linked to widespread mid-Miocene extension 

linked to the outbreak of the Yellowstone Hotspot (Sears et al., 2009).  
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SUMMARY AND CONCLUSIONS 

 

The post-contractional evolution of orogenic belts, expressed by the surficial response to 

erosion and subsequent tectonism, provides valuable clues to a variety of geologic problems, 

such as the deep crustal architecture of orogens and the dynamics of lithospheric roots (Reiners 

et al., 2003). This study evaluates the surficial evolution of southwest Montana as a proxy for 

crustal processes that enhanced late-stage structural evolution and initial demise of the 

Cordilleran orogenic wedge. In addition to structural crustal evolution, enhanced erosion must 

also be considered a key player in the initial demise of the Cordilleran orogen.    

 Integrated facies, paleoflow, and detrital zircon data from the Paleogene Renova 

Formation are used to constrain Paleogene paleodrainage evolution and paleogeography of the 

intermontane basin region in southwest Montana. The Renova Formation is characterized by four 

primary facies associations and depositional environments:  alluvial fan, fluvial, 

lacustrine/paludal, and primary volcaniclastic. Paleogene alluvial fan facies flank modern uplifts 

and document radiating sediment dispersal away from the Pioneer Mountains, McCartney 

Mountain, and the Boulder batholith-Highland Range. Fluvial facies interfinger with distal 

alluvial facies and serve to delineate Paleogene basin axes.  Lacustrine and paludal facies are 

dominant in basin centers, but paludal facies are also common along basin margins.  

Facies assemblages of the Renova Formation reflect the dominance of Paleogene 

sediment dispersal routes by high-energy fluvial systems and alluvial fans, with relatively short 

depositional hiatuses marked by entisol and inceptisol development. Paleogene fluvial systems 

were marked by rapid fluvial aggradation, and coeval basin margin deposits preserve rapid 
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alluvial fan  progradation. Progradational and aggradational stacking patterns reflect a rapidly 

subsiding environment in which the rate of accommodation space generation either outpaced or 

was equal to the rate of sediment influx. Syndepositional volcanism coupled with rapid 

denudation of Sevier-Laramide highlands, some of which were bounded by normally-reactivated 

reverse faults, provided abundant detritus into the depositional systems during the Paleogene.  

 Two distinct Paleogene paleodrainage networks have been identified in the study area 

based on detrital zircon age populations and paleoflow indicators. The Pioneer River occupied 

the Divide and Melrose basins and had headwaters that drained the eastern Pioneer Mountains 

and the western portion of the Boulder batholith. This system flowed southward into the 

Beaverhead basin, were it converged with systems draining the Tobacco Root Mountains, the 

Ruby Range, and the Highland Mountains. From the Beaverhead basin, the western system is 

projected to continue on its southern course, where it possibly converged with a Paleogene 

remnant of the Beaverhead-Harebell-Pinyon megafan (Janecke et al., 2000), and ultimately 

drained into either the Green River basin or the Wind River basin of Wyoming. The ancestral 

Missouri River had headwaters in the Jefferson basin and drained the Boulder batholith, Tobacco 

Root Mountains, and Bull Mountain near Whitehall, MT. Preliminary paleodrainage 

reconstructions (Schwartz and Schwartz, 2009a) of the region to the northeast of this eastern 

system suggest eastward drainage continued in a configuration that strongly resembles the 

headwaters of the modern Missouri River. Detrital zircon analysis reveals that the Idaho 

batholith did not contribute any first-order zircon to either system. This conclusion is strikingly 

different from previous models (Fritz and Sears, 1993; Thomas, 1995), which depicted the 

Renova Formation depocenter as a broad, low-relief continguous basin sourced by the Idaho 

batholith via an eastward-flowing system. The Paleogene paleodrainage reconstruction for the 
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Renova Formation is strikingly similar to Late Cretaceous paleodrainage reconstructions for the 

Kootenai, Blackleaf, and Frontier Formations (Schwartz and DeCelles, 1988), as well as to Late 

Cretaceous to Paleocene drainage networks of the Beaverhead Group (Sears and Ryan, 2003). 

This striking similarity suggests that relict Late Cretaceous paleotopography coupled with 

regional Sevier-Laramide structural grain, exhibited a strong infrastructural control on post-

Laramide drainage evolution.  

Facies distributions and detrital zircon unroofing trends serve as informative proxies for 

the crustal response to orogenic wedge demise. Detailed sedimentologic analysis of the Renova 

Formation reveals that the intermontane basins of southwest Montana may vary in origin and 

evolution. The Divide-Melrose basins are interpreted as Paleogene incisional basins that lie 

along the axis of an ancestral Late Cretaceous-Paleocene piggyback basin, bounded to the west 

by the Grasshopper thrust plate. An incisional origin for the Divide-Melrose basins is consistent 

with previous models proposed by Kuenzi and Fields (1971) and Schwartz and Schwartz 

(2009b). The upper Jefferson basin is interpreted as a Paleogene normal-fault bounded basin that 

subsided along a normally-reactivated splay of the Late Cretaceous Hell Roaring thrust fault on 

the western margin of the Tobacco Root Mountains. Late Uintan to Late Chadronian sediments 

are ten times thicker in the Jefferson basin than in the Divide-Melrose basin (Hanneman, 1989). 

Detrital zircon data reveal that the eastern portion of the Boulder batholith was largely unroofed 

by the Chadronian (>95% Boulder batholith zircon in sandstones), but the western portion of the 

Boulder batholith was not substantially unroofed until the Arikareean. Chadronian sandstone in 

the Divide-Melrose basins yield approximately 50% Boulder-batholith sourced zircon and 50% 

Cretaceous/Precambrian cover-rock sourced zircon.  An extensional origin for the upper 
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Jefferson basin is consistent with previous models suggested by Fields et al. (1985) and 

Hanneman (1989).  

 Altogether, data presented suggest that rugged paleotopography characterized the 

Southwest Montana Re-entrant of the Sevier fold and thrust belt during the Paleogene. Paleogene 

fluvial systems along the re-entrant were locally sourced high-energy headwater systems that 

received substantial amounts of detritus from the surrounding uplands. Detrital zircons reveal 

that local plutonic bodies, including the Pioneer batholith, McCartney Mountain pluton, the 

Boulder batholith, and the Tobacco Root batholith had been at least partially unroofed and were 

supplying substantial amounts of detritus to the basins by the Chadronian, and possibly as early 

as the Uintan. Collectively, the data indicate that paleotopography of the Renova basin near the 

Southwest Montana Re-entrant was strikingly three dimensional, which rests in stark constrast 

with the basin-origin models of Fritz and Sears (1993) and Thomas (1995). 

This study documents sediment pathways and landscape evolution on a post-

compressional orogenic wedge as a proxy to refine the current understanding of crustal and 

surficial processes that regulated landscape evolution during the Paleogene post-compressional 

demise of the Cordilleran orogenic wedge in southwest Montana. The basin-fill deposits of the 

intermontane basins provide a relatively complete sedimentary record by which to evaluate 

surficial and crustal processes that regulate landscape evolution of a deconstructional orogen.  
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APPENDIX A. SHRIMP-RG DATA FOR CLA6. 

Sample % 
comm 

206 

ppm 
U 

ppm 
Th 

232Th 
/238U 

Total
238 
/206 

% 
err 

Total 
207 
/206 

% 
err 

238/ 
206r 

% 
err 

207r 
/206r 

% 
err 

207r 
/235 

% 
err 

206r 
/238 

% 
err 

err 
corr 

CLA6-8 0.36 249 59 0.25 123.55 1.9 .0499 7.4 123.55 1.9 .0499 7.4 0.06 7.7 .0081 1.9 .250 
CLA6-9 0.32 337 123 0.38 123.43 1.5 .0496 6.0 123.43 1.5 .0496 6.0 0.06 6.2 .0081 1.5 .243 
CLA6-5 -0.01 396 153 0.40 123.55 1.6 .0470 6.5 123.55 1.6 .0470 6.5 0.05 6.7 .0081 1.6 .246 
CLA6-2 0.74 234 55 0.24 121.92 2.1 .0529 7.6 126.96 2.9 .0204 85.2 0.02 85.2 .0079 2.9 .034 
CLA6-4 0.29 509 174 0.35 119.22 1.5 .0494 5.6 119.22 1.5 .0494 5.6 0.06 5.7 .0084 1.5 .254 
CLA6-6 0.21 827 417 0.52 119.31 1.1 .0487 4.2 120.12 1.1 .0433 8.6 0.05 8.7 .0083 1.1 .132 
CLA6-3 0.12 622 275 0.46 117.06 1.3 .0480 5.1 118.02 1.4 .0416 10.8 0.05 10.9 .0085 1.4 .129 
CLA6-
10 0.19 1230 101 0.08 116.05 0.8 .0486 3.1 116.05 0.8 .0486 3.1 0.06 3.2 .0086 0.8 .251 
CLA6-7 0.17 333 87 0.27 115.61 1.7 .0485 6.5 117.16 1.9 .0378 18.4 0.04 18.5 .0085 1.9 .102 
CLA6-1 0.15 404 104 0.27 106.56 1.5 .0484 5.7 106.56 1.5 .0484 5.7 0.06 5.9 .0094 1.5 .255 
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APPENDIX B.1.  LA-ICP-MS DATA FOR FP209 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± Conc 

  (ppm
) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

FP209-1 361 5634 1.9 25.0746 36.3 0.0395 36.8 0.0072 6.2 0.17 46.1 2.8 39.3 14.2 -358.6 964.9 46.1 2.8 NA 
FP209-2 103 1820 2.3 14.2062 71.9 0.0710 73.7 0.0073 16.4 0.22 47.0 7.7 69.7 49.7 939.8 1739.3 47.0 7.7 NA 
FP209-3 890 17290 1.7 19.6880 10.3 0.0514 10.7 0.0073 3.0 0.28 47.2 1.4 50.9 5.3 231.4 237.9 47.2 1.4 NA 
FP209-4 850 32096 1.2 22.1173 13.8 0.0430 14.0 0.0069 2.6 0.19 44.3 1.2 42.7 5.9 -44.1 335.8 44.3 1.2 NA 
FP209-5 141 2950 1.6 23.7770 58.6 0.0416 59.8 0.0072 12.2 0.20 46.1 5.6 41.4 24.3 -223.1 1602.9 46.1 5.6 NA 
FP209-6 244 4252 1.9 20.8567 33.7 0.0498 34.2 0.0075 6.2 0.18 48.4 3.0 49.3 16.5 96.6 817.8 48.4 3.0 NA 
FP209-7 248 5374 1.4 23.8988 45.8 0.0406 47.0 0.0070 10.2 0.22 45.2 4.6 40.4 18.6 -236.0 1213.1 45.2 4.6 NA 

FP209-8 943 
129747

1 1.8 11.3490 0.3 2.8150 1.2 0.2317 1.2 0.97 1343.4 14.3 1359.5 9.1 1384.9 5.5 1384.9 5.5 97.0 
FP209-9 959 16180 1.1 21.4476 9.4 0.0452 9.5 0.0070 1.4 0.15 45.2 0.6 44.9 4.2 30.1 225.3 45.2 0.6 NA 

FP209-10 173 13503 1.8 14.7644 
155.

6 0.0649 
155.

8 0.0070 7.6 0.05 44.7 3.4 63.9 96.7 860.3 778.9 44.7 3.4 NA 
FP209-11 287 141462 2.4 8.9294 0.4 5.0820 2.1 0.3291 2.0 0.98 1834.1 32.4 1833.1 17.5 1831.9 7.4 1831.9 7.4 100.1 
FP209-12 365 2807 1.2 20.2315 15.8 0.0460 18.1 0.0067 8.7 0.48 43.3 3.8 45.6 8.1 168.2 371.6 43.3 3.8 NA 
FP209-13 179 4312 1.5 21.8943 41.3 0.0450 42.4 0.0072 9.4 0.22 45.9 4.3 44.7 18.6 -19.5 1039.4 45.9 4.3 NA 

FP209-14 733 
112931

0 2.1 5.3110 0.4 
12.813

4 3.0 0.4936 2.9 0.99 2586.1 62.7 2666.0 28.1 2727.2 7.3 2727.2 7.3 94.8 
FP209-16 318 19856 2.0 24.6743 15.5 0.0430 16.5 0.0077 5.6 0.34 49.4 2.7 42.7 6.9 -317.2 399.3 49.4 2.7 NA 
FP209-17 220 5384 1.1 20.3524 31.2 0.0487 31.7 0.0072 5.4 0.17 46.2 2.5 48.3 14.9 154.2 747.4 46.2 2.5 NA 
FP209-18 183 6871 2.0 20.1289 15.3 0.0757 16.2 0.0110 5.5 0.34 70.8 3.9 74.1 11.6 180.0 357.9 70.8 3.9 NA 
FP209-19 505 17509 1.4 19.5318 12.9 0.0493 13.7 0.0070 4.6 0.34 44.9 2.1 48.9 6.5 249.8 297.5 44.9 2.1 NA 
FP209-20 137 4357 1.5 19.1221 72.0 0.0488 74.0 0.0068 17.1 0.23 43.5 7.4 48.4 35.0 298.3 1915.8 43.5 7.4 NA 
FP209-21 591 5481 1.3 17.6574 13.0 0.0552 14.2 0.0071 5.7 0.40 45.4 2.6 54.5 7.5 477.3 288.0 45.4 2.6 NA 
FP209-22 218 4630 1.4 23.4132 33.3 0.0405 33.6 0.0069 4.0 0.12 44.1 1.8 40.3 13.3 -184.4 853.1 44.1 1.8 NA 
FP209-23 1674 146954 10.7 20.5997 1.5 0.0992 3.4 0.0148 3.1 0.91 94.8 2.9 96.0 3.1 125.9 34.2 94.8 2.9 NA 
FP209-25 512 15838 1.7 19.5998 23.8 0.0463 24.4 0.0066 5.5 0.22 42.3 2.3 46.0 11.0 241.8 555.4 42.3 2.3 NA 
FP209-26 229 10868 1.7 26.1734 72.9 0.0371 72.9 0.0070 3.4 0.05 45.2 1.5 37.0 26.5 -470.8 2227.7 45.2 1.5 NA 

FP209-27 222 57287 3.6 6.3513 0.3 
10.005

2 2.2 0.4609 2.2 0.99 2443.4 44.8 2435.3 20.5 2428.4 4.5 2428.4 4.5 100.6 
FP209-28A 176 5026 1.5 24.4857 30.8 0.0399 31.8 0.0071 8.1 0.26 45.5 3.7 39.7 12.4 -297.5 801.6 45.5 3.7 NA 
FP209-29 390 8463 2.5 21.9695 29.9 0.0462 30.6 0.0074 6.5 0.21 47.3 3.1 45.9 13.7 -27.8 738.1 47.3 3.1 NA 

FP209-30 353 665448 3.4 4.9072 0.5 
11.535

2 3.6 0.4105 3.5 0.99 2217.4 66.5 2567.4 33.4 2856.7 7.9 2856.7 7.9 77.6 
FP209-31 419 12854 1.5 18.5770 10.7 0.0568 12.3 0.0077 6.0 0.49 49.2 3.0 56.1 6.7 363.9 241.3 49.2 3.0 NA 
FP209-33 835 9635 1.4 21.2244 12.7 0.0456 13.4 0.0070 4.3 0.32 45.1 2.0 45.3 5.9 55.1 303.0 45.1 2.0 NA 
FP209-34 151 5521 1.9 24.5286 52.0 0.0377 52.4 0.0067 6.3 0.12 43.1 2.7 37.6 19.3 -302.0 1416.8 43.1 2.7 NA 
FP209-35 1214 75299 1.8 21.0495 11.7 0.0457 11.8 0.0070 1.5 0.13 44.8 0.7 45.4 5.2 74.8 278.3 44.8 0.7 NA 
FP209-36 206 158866 3.7 11.4174 0.6 2.7718 1.2 0.2295 1.0 0.86 1332.0 12.4 1348.0 8.9 1373.4 11.6 1373.4 11.6 97.0 
FP209-37 205 1975 2.3 16.5893 45.9 0.0568 46.8 0.0068 9.1 0.19 43.9 4.0 56.1 25.6 613.6 1046.6 43.9 4.0 NA 
FP209-38 685 23274 1.8 22.6137 7.9 0.0440 8.6 0.0072 3.5 0.41 46.4 1.6 43.8 3.7 -98.4 194.3 46.4 1.6 NA 
FP209-39 551 19316 1.8 22.1408 23.3 0.0432 23.4 0.0069 2.4 0.10 44.5 1.1 42.9 9.9 -46.7 573.7 44.5 1.1 NA 
FP209-40 1352 57399 0.8 22.0304 6.5 0.0436 6.6 0.0070 1.3 0.20 44.7 0.6 43.3 2.8 -34.6 157.3 44.7 0.6 NA 
FP209-41 289 7155 2.2 25.6534 33.0 0.0382 33.0 0.0071 1.8 0.05 45.7 0.8 38.1 12.3 -418.0 882.6 45.7 0.8 NA 
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FP209-42 235 12947 2.1 18.9097 32.7 0.0518 33.2 0.0071 5.6 0.17 45.6 2.5 51.2 16.6 323.8 761.6 45.6 2.5 NA 
FP209-43 287 11315 2.0 19.2181 21.6 0.0509 22.2 0.0071 5.1 0.23 45.6 2.3 50.4 10.9 286.9 499.5 45.6 2.3 NA 
FP209-44 479 3606 3.3 20.5503 18.1 0.0500 18.3 0.0074 2.7 0.15 47.8 1.3 49.5 8.8 131.5 427.9 47.8 1.3 NA 
FP209-45 260 9556 2.3 24.2485 26.9 0.0385 27.8 0.0068 7.1 0.25 43.5 3.1 38.3 10.5 -272.7 694.7 43.5 3.1 NA 
FP209-46 547 17108 2.0 19.1279 13.5 0.0506 13.9 0.0070 3.4 0.24 45.1 1.5 50.1 6.8 297.7 308.2 45.1 1.5 NA 
FP209-48 166 4658 1.8 16.1676 24.9 0.0651 30.1 0.0076 16.9 0.56 49.0 8.3 64.0 18.7 669.0 541.7 49.0 8.3 NA 
FP209-49 415 24851 1.3 22.9824 14.0 0.0417 16.1 0.0070 8.0 0.49 44.6 3.6 41.5 6.6 -138.2 348.2 44.6 3.6 NA 
FP209-50 153 3507 2.4 25.9232 56.7 0.0375 57.5 0.0071 9.4 0.16 45.3 4.3 37.4 21.1 -445.5 1611.2 45.3 4.3 NA 
FP209-51 631 18005 1.5 24.1548 11.6 0.0379 14.2 0.0066 8.1 0.57 42.7 3.4 37.8 5.2 -262.9 296.0 42.7 3.4 NA 
FP209-53 548 20301 2.0 22.8382 17.4 0.0419 18.4 0.0069 5.9 0.32 44.5 2.6 41.6 7.5 -122.7 431.7 44.5 2.6 NA 
FP209-54 201 12283 1.8 25.8771 39.3 0.0389 44.1 0.0073 19.8 0.45 46.9 9.3 38.8 16.8 -440.8 1069.7 46.9 9.3 NA 
FP209-55 223 9434 1.9 31.4468 31.6 0.0337 32.6 0.0077 8.0 0.25 49.3 3.9 33.6 10.8 -983.4 951.8 49.3 3.9 NA 
FP209-56 233 8493 1.5 22.2183 25.8 0.0428 26.4 0.0069 5.7 0.22 44.3 2.5 42.6 11.0 -55.2 637.1 44.3 2.5 NA 

FP209-57 1804 778423 23.6 5.7937 1.4 
10.838

2 4.1 0.4554 3.9 0.94 2419.3 77.9 2509.4 38.1 2583.0 22.8 2583.0 22.8 93.7 
FP209-58 128 7888 1.7 13.2159 37.2 0.0785 40.9 0.0075 16.9 0.41 48.3 8.2 76.7 30.2 1086.3 772.4 48.3 8.2 4.4 
FP209-59 778 11012 1.4 22.3449 9.2 0.0428 9.8 0.0069 3.3 0.34 44.6 1.5 42.6 4.1 -69.1 225.5 44.6 1.5 NA 
FP209-60 176 905 1.4 35.7748 88.0 0.0279 89.1 0.0072 14.3 0.16 46.5 6.6 27.9 24.6 -1381.6 1533.1 46.5 6.6 NA 
FP209-61 108 120641 2.0 11.4097 1.3 2.8149 2.2 0.2329 1.8 0.81 1349.9 21.8 1359.5 16.5 1374.7 24.7 1374.7 24.7 98.2 
FP209-62 788 8987 1.5 20.1466 7.9 0.0496 8.5 0.0073 3.1 0.37 46.6 1.5 49.2 4.1 178.0 184.2 46.6 1.5 NA 
FP209-63 379 13138 1.7 22.0439 11.7 0.0668 12.4 0.0107 3.9 0.32 68.5 2.7 65.7 7.9 -36.0 285.4 68.5 2.7 NA 
FP209-64 268 194449 1.7 9.7438 0.5 4.1152 4.7 0.2908 4.7 1.00 1645.6 68.1 1657.3 38.5 1672.2 8.7 1672.2 8.7 98.4 
FP209-66 548 6286 1.3 17.5764 16.0 0.0553 17.1 0.0071 6.1 0.36 45.3 2.8 54.7 9.1 487.4 354.4 45.3 2.8 NA 
FP209-67 831 10612 1.9 21.7251 19.7 0.0443 20.1 0.0070 4.3 0.21 44.8 1.9 44.0 8.7 -0.8 478.2 44.8 1.9 NA 
FP209-68 635 18242 1.3 21.0151 9.7 0.0462 11.0 0.0070 5.2 0.47 45.2 2.3 45.8 4.9 78.7 230.3 45.2 2.3 NA 

FP209-70 988 
172834

3 1.1 9.9631 0.2 3.9846 1.4 0.2879 1.4 0.99 1631.1 19.7 1631.1 11.2 1630.9 3.6 1630.9 3.6 100.0 
FP209-71 1205 562698 76.1 6.4388 0.5 8.8780 1.6 0.4146 1.5 0.95 2235.9 28.6 2325.5 14.5 2405.2 8.0 2405.2 8.0 93.0 
FP209-72 244 8912 1.8 18.9763 31.9 0.0568 32.3 0.0078 5.6 0.17 50.2 2.8 56.1 17.6 315.8 741.5 50.2 2.8 NA 
FP209-73 362 19652 1.3 18.9470 15.3 0.0508 17.2 0.0070 7.8 0.45 44.8 3.5 50.3 8.4 319.3 349.7 44.8 3.5 NA 
FP209-75 670 11456 1.8 20.7760 11.8 0.0463 12.0 0.0070 2.0 0.17 44.8 0.9 45.9 5.4 105.8 279.6 44.8 0.9 NA 
FP209A-1 598 643000 9.8 6.1877 0.2 8.6302 2.2 0.3873 2.2 1.00 2110.3 40.3 2299.7 20.4 2472.6 2.9 2472.6 2.9 85.3 
FP209A-2 338 6569 1.7 23.1463 21.5 0.0405 21.8 0.0068 3.4 0.16 43.6 1.5 40.3 8.6 -155.8 538.9 43.6 1.5 NA 
FP209A-3 259 13041 1.6 24.9185 33.3 0.0389 34.6 0.0070 9.2 0.27 45.1 4.1 38.7 13.1 -342.5 880.1 45.1 4.1 NA 

FP209A-4 35 34770 0.7 5.8713 1.4 
10.800

9 4.3 0.4599 4.1 0.94 2439.3 83.2 2506.1 40.4 2560.8 24.0 2560.8 24.0 95.3 

FP209A-5 196 260192 1.1 9.6550 0.5 3.6696 13.0 0.2570 13.0 1.00 1474.3 
171.

6 1564.8 
104.

3 1689.1 9.8 1689.1 9.8 87.3 
FP209A-6 282 32712 2.4 20.9390 17.7 0.0481 18.6 0.0073 5.9 0.31 46.9 2.7 47.7 8.7 87.3 422.4 46.9 2.7 NA 
FP209A-7 540 32661 1.4 21.5170 8.7 0.0708 12.8 0.0110 9.4 0.73 70.8 6.6 69.4 8.6 22.3 209.7 70.8 6.6 NA 
FP209A-9 113 3452 2.4 23.4621 74.5 0.0415 76.9 0.0071 19.1 0.25 45.3 8.6 41.3 31.1 -189.6 2186.8 45.3 8.6 NA 
FP209A-10 247 8011 1.8 18.5988 16.0 0.0523 16.7 0.0071 4.6 0.27 45.3 2.1 51.8 8.4 361.3 363.7 45.3 2.1 NA 
FP209A-11 493 14222 1.4 18.2081 9.0 0.0526 9.9 0.0069 4.2 0.43 44.6 1.9 52.0 5.0 409.0 200.9 44.6 1.9 NA 
FP209A-12 362 10011 1.5 19.5697 16.9 0.0492 17.5 0.0070 4.4 0.25 44.8 2.0 48.7 8.3 245.3 392.5 44.8 2.0 NA 
FP209A-14 254 10389 1.5 29.5419 48.8 0.0314 50.3 0.0067 12.3 0.24 43.2 5.3 31.4 15.5 -802.5 1458.3 43.2 5.3 NA 
FP209A-15 281 9568 2.4 21.4757 21.1 0.0528 27.2 0.0082 17.1 0.63 52.8 9.0 52.2 13.8 26.9 511.7 52.8 9.0 NA 
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APPENDIX B.2.  LA-ICP-MS DATA FOR GLEN609 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  (ppm
) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

GLEN609-2 199 12800 2.2 18.0128 14.1 0.1316 15.0 0.0172 5.0 0.33 
109.

9 5.5 125.6 17.7 433.1 316.4 109.9 5.5 NA 
GLEN609-4 293 7764 1.4 20.2106 9.7 0.1054 10.6 0.0155 4.3 0.41 98.8 4.2 101.8 10.2 170.6 225.8 98.8 4.2 NA 
GLEN609-5 464 47442 1.5 19.8737 6.8 0.0956 7.1 0.0138 2.1 0.29 88.2 1.8 92.7 6.3 209.7 157.3 88.2 1.8 NA 
GLEN609-6 2294 161551 2.6 20.6842 1.8 0.1013 2.8 0.0152 2.1 0.75 97.3 2.0 98.0 2.6 116.2 43.2 97.3 2.0 NA 

GLEN609-8 172 332886 0.7 5.3813 0.4 
13.810

8 2.8 0.5390 2.7 0.99 
2779

.4 61.9 2736.8 26.3 2705.6 7.0 2705.6 7.0 102.7 
GLEN609-9 290 27679 1.3 18.8394 14.3 0.1016 14.6 0.0139 3.1 0.21 88.9 2.8 98.3 13.7 332.2 325.9 88.9 2.8 NA 
GLEN609-10 538 30505 2.4 21.0982 6.1 0.0956 6.6 0.0146 2.4 0.36 93.6 2.2 92.7 5.8 69.3 146.0 93.6 2.2 NA 
GLEN609-11 843 50367 2.3 20.7094 3.8 0.0997 5.7 0.0150 4.2 0.75 95.8 4.0 96.5 5.2 113.4 88.6 95.8 4.0 NA 

GLEN609-12 155 315221 1.3 5.8704 0.4 
11.851

8 1.1 0.5046 1.0 0.94 
2633

.6 22.6 2592.8 10.4 2561.0 6.1 2561.0 6.1 102.8 

GLEN609-13 327 80279 2.0 19.7233 5.5 0.1788 6.0 0.0256 2.4 0.39 
162.

8 3.8 167.1 9.2 227.3 127.2 162.8 3.8 NA 
GLEN609-14 493 28319 2.5 21.0810 6.1 0.0958 6.2 0.0147 1.0 0.17 93.8 1.0 92.9 5.5 71.3 146.2 93.8 1.0 NA 

GLEN609-15 388 431579 3.6 8.8841 0.2 5.1503 1.5 0.3319 1.5 0.99 
1847

.4 23.9 1844.4 12.7 1841.1 3.4 1841.1 3.4 100.3 

GLEN609-16 186 82069 1.3 5.2817 0.2 
13.601

7 1.3 0.5210 1.3 0.99 
2703

.6 28.3 2722.4 12.2 2736.4 2.9 2736.4 2.9 98.8 
GLEN609-17 681 53046 2.6 20.8755 5.1 0.0915 5.8 0.0139 2.8 0.49 88.7 2.5 88.9 4.9 94.5 119.7 88.7 2.5 NA 

GLEN609-19 197 183589 2.7 9.2049 0.3 4.7231 1.7 0.3153 1.7 0.99 
1766

.8 25.6 1771.3 14.1 1776.7 5.1 1776.7 5.1 99.4 

GLEN609-20 77 74753 1.4 9.4411 1.2 4.5922 2.2 0.3144 1.9 0.84 
1762

.5 28.9 1747.9 18.5 1730.3 21.8 1730.3 21.8 101.9 

GLEN609-21 230 70068 0.8 18.4086 5.3 0.4514 5.5 0.0603 1.4 0.26 
377.

3 5.1 378.3 17.2 384.4 118.7 377.3 5.1 NA 

GLEN609-22 134 24916 1.9 22.3965 21.1 0.1599 21.4 0.0260 3.5 0.16 
165.

3 5.7 150.6 29.9 -74.7 520.2 165.3 5.7 NA 

GLEN609-23 85 143960 1.0 8.8443 0.8 5.2244 1.5 0.3351 1.3 0.84 
1863

.1 20.5 1856.6 12.8 1849.3 14.7 1849.3 14.7 100.7 

GLEN609-24 228 236922 2.4 9.4901 0.4 4.5687 3.2 0.3145 3.2 0.99 
1762

.6 49.1 1743.6 26.7 1720.8 6.9 1720.8 6.9 102.4 

GLEN609-25 50 97426 0.8 8.5207 1.4 5.7534 2.0 0.3556 1.5 0.73 
1961

.1 25.0 1939.4 17.6 1916.4 25.0 1916.4 25.0 102.3 

GLEN609-26 120 55124 1.6 10.9606 1.5 3.1617 5.7 0.2513 5.5 0.96 
1445

.4 70.7 1447.9 43.8 1451.5 29.0 1451.5 29.0 99.6 
GLEN609-27 722 40049 1.8 21.4150 6.2 0.0993 6.8 0.0154 2.8 0.41 98.7 2.7 96.2 6.3 33.7 149.2 98.7 2.7 NA 
GLEN609-28 603 44839 2.8 20.6823 5.2 0.0977 6.9 0.0147 4.5 0.65 93.8 4.2 94.7 6.2 116.5 123.4 93.8 4.2 NA 
GLEN609-29 515 28290 1.6 21.2122 7.0 0.0959 7.3 0.0147 2.0 0.27 94.4 1.9 93.0 6.5 56.5 168.1 94.4 1.9 NA 
GLEN609-30 466 45390 1.3 21.3157 11.2 0.0896 11.5 0.0139 2.6 0.22 88.7 2.3 87.1 9.6 44.8 269.4 88.7 2.3 NA 
GLEN609-31 374 31557 2.8 20.3339 11.3 0.1002 11.5 0.0148 2.5 0.22 94.6 2.4 96.9 10.7 156.4 264.1 94.6 2.4 NA 
GLEN609-32 281 13557 3.5 23.6352 9.6 0.0893 10.5 0.0153 4.3 0.41 97.9 4.1 86.8 8.7 -208.0 240.3 97.9 4.1 NA 

GLEN609-33 646 44865 2.4 20.5459 3.3 0.1055 4.3 0.0157 2.8 0.65 
100.

5 2.8 101.8 4.2 132.0 77.6 100.5 2.8 NA 
GLEN609-34 234 19389 1.4 23.1943 20.1 0.0916 20.5 0.0154 3.8 0.19 98.6 3.7 89.0 17.5 -161.0 504.7 98.6 3.7 NA 

GLEN609-35 584 48117 2.0 19.8651 8.3 0.1127 9.9 0.0162 5.5 0.55 
103.

9 5.6 108.5 10.2 210.7 191.7 103.9 5.6 NA 
GLEN609-36 441 53910 1.7 19.5072 8.2 0.1061 9.4 0.0150 4.7 0.50 96.0 4.4 102.3 9.2 252.7 188.4 96.0 4.4 NA 

GLEN609-37 510 33413 1.5 21.0596 8.5 0.1066 8.8 0.0163 2.4 0.27 
104.

1 2.4 102.9 8.6 73.7 201.4 104.1 2.4 NA 
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GLEN609-40 962 54540 1.9 20.5260 3.6 0.1047 4.4 0.0156 2.7 0.60 99.7 2.6 101.1 4.3 134.3 83.7 99.7 2.6 NA 

GLEN609-41 121 190617 1.7 13.1727 1.3 1.9210 1.4 0.1835 0.7 0.47 
1086

.2 6.8 1088.4 9.6 1092.8 25.5 1092.8 25.5 99.4 
GLEN609-42 681 41994 2.4 20.5951 3.5 0.0990 3.7 0.0148 1.1 0.30 94.7 1.0 95.9 3.4 126.4 82.4 94.7 1.0 NA 

GLEN609-43 124 27322 5.8 19.7397 11.4 0.1222 13.1 0.0175 6.5 0.49 
111.

8 7.2 117.1 14.5 225.3 263.4 111.8 7.2 NA 
GLEN609-44 375 18039 1.6 19.9305 7.3 0.1020 7.5 0.0147 2.0 0.27 94.3 1.9 98.6 7.1 203.1 168.5 94.3 1.9 NA 

GLEN609-45 541 42013 2.7 21.6338 8.4 0.1038 10.1 0.0163 5.7 0.56 
104.

1 5.9 100.2 9.7 9.3 201.8 104.1 5.9 NA 

GLEN609-46 81 103469 0.8 5.3955 0.5 
13.603

9 1.8 0.5324 1.8 0.97 
2751

.4 39.3 2722.5 17.2 2701.2 7.6 2701.2 7.6 101.9 
GLEN609-47 305 19059 1.9 19.8271 12.6 0.1045 13.1 0.0150 3.5 0.27 96.2 3.3 101.0 12.6 215.1 293.0 96.2 3.3 NA 
GLEN609-48 537 37474 1.6 20.4762 6.7 0.1038 7.3 0.0154 2.8 0.39 98.7 2.8 100.3 7.0 140.0 158.6 98.7 2.8 NA 

GLEN609-49 146 148730 2.4 12.6107 0.8 2.2276 2.7 0.2037 2.5 0.95 
1195

.4 27.8 1189.8 18.7 1179.6 16.2 1179.6 16.2 101.3 

GLEN609-50 91 145743 1.3 8.9046 0.7 5.3085 1.1 0.3428 0.9 0.78 
1900

.3 14.8 1870.2 9.8 1837.0 12.9 1837.0 12.9 103.4 
GLEN609-52 226 7289 2.2 20.5283 17.5 0.0987 19.2 0.0147 7.8 0.41 94.1 7.3 95.6 17.5 134.0 413.9 94.1 7.3 NA 
GLEN609-53 973 49286 3.1 21.3429 4.4 0.0727 5.0 0.0113 2.3 0.45 72.1 1.6 71.3 3.4 41.8 106.4 72.1 1.6 NA 

GLEN609-54 130 148074 1.4 8.9451 0.9 5.2047 2.4 0.3377 2.2 0.93 
1875

.4 35.7 1853.4 20.1 1828.8 15.6 1828.8 15.6 102.6 

GLEN609-55 59 181626 1.5 5.3428 0.6 
13.666

2 1.9 0.5296 1.8 0.95 
2739

.6 40.0 2726.9 17.8 2717.4 9.5 2717.4 9.5 100.8 
GLEN609-56 505 29317 2.4 21.9659 8.6 0.0946 8.7 0.0151 1.3 0.15 96.4 1.3 91.8 7.6 -27.4 207.9 96.4 1.3 NA 

GLEN609-57 124 613461 2.6 9.1579 0.9 4.9161 1.6 0.3265 1.4 0.85 
1821

.5 22.2 1805.0 13.9 1786.0 15.9 1786.0 15.9 102.0 

GLEN609-58 159 187877 2.4 9.6116 0.4 4.5207 2.0 0.3151 2.0 0.98 
1766

.0 30.9 1734.8 17.0 1697.4 8.1 1697.4 8.1 104.0 
GLEN609-59 423 21662 3.6 21.4784 7.1 0.0968 8.6 0.0151 4.8 0.56 96.5 4.6 93.8 7.7 26.6 170.6 96.5 4.6 NA 
GLEN609-60 601 26378 3.2 20.3953 5.0 0.1031 6.8 0.0153 4.6 0.68 97.6 4.5 99.7 6.4 149.3 116.2 97.6 4.5 NA 

GLEN609-61 278 187045 0.7 5.4729 0.3 
12.880

0 2.7 0.5112 2.7 1.00 
2661

.9 58.1 2670.9 25.2 2677.7 4.3 2677.7 4.3 99.4 
GLEN609-62 238 45578 1.6 23.7294 20.6 0.0772 21.1 0.0133 4.9 0.23 85.1 4.2 75.5 15.4 -218.0 521.6 85.1 4.2 NA 

GLEN609-63 50 64237 1.4 5.9023 0.5 
11.220

8 1.7 0.4803 1.6 0.95 
2528

.7 33.7 2541.6 15.8 2552.0 8.6 2552.0 8.6 99.1 
GLEN609-64 202 6508 2.1 18.3488 15.8 0.1089 16.2 0.0145 3.7 0.23 92.8 3.4 105.0 16.2 391.7 356.7 92.8 3.4 NA 
GLEN609-65 938 35263 0.8 20.6419 5.3 0.0932 5.7 0.0140 2.3 0.40 89.3 2.0 90.5 5.0 121.1 124.1 89.3 2.0 NA 
GLEN609-67 234 23859 2.0 19.4785 8.5 0.1061 10.2 0.0150 5.6 0.55 95.9 5.3 102.4 9.9 256.0 196.2 95.9 5.3 NA 

GLEN609-69 113 69159 2.2 13.5522 2.2 1.7985 2.4 0.1768 1.1 0.44 
1049

.3 10.4 1044.9 16.0 1035.7 44.4 1035.7 44.4 101.3 
GLEN609-70 400 27304 1.6 21.8067 6.7 0.0888 7.2 0.0140 2.6 0.36 89.9 2.3 86.4 6.0 -9.8 162.4 89.9 2.3 NA 

GLEN609-71 337 411026 4.7 9.1932 0.2 4.9677 1.9 0.3312 1.9 0.99 
1844

.3 30.7 1813.8 16.3 1779.0 3.7 1779.0 3.7 103.7 

GLEN609-72 271 
108095

3 5.0 9.3986 0.3 4.7102 1.9 0.3211 1.9 0.99 
1794

.9 29.4 1769.1 15.9 1738.6 4.8 1738.6 4.8 103.2 

GLEN609-74 359 502650 1.9 9.7132 0.4 4.3112 2.3 0.3037 2.3 0.98 
1709

.7 33.8 1695.5 18.9 1678.0 7.3 1678.0 7.3 101.9 
GLEN609-75 191 20772 3.4 24.2724 11.0 0.0880 12.0 0.0155 4.6 0.39 99.1 4.5 85.6 9.8 -275.2 281.3 99.1 4.5 NA 
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APPENDIX B.3.  LA-ICP-MS DATA FOR DO109 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

DO109-1 193 378629 8.5 6.2974 1.7 9.1284 3.6 0.4169 3.2 0.88
2246

.5 60.1 2351.0 32.9 2442.9 28.5 2442.9 28.5 92.0 

DO109-2 217 28464 1.9 9.4727 0.7 4.3682 5.3 0.3001 5.2 0.99
1691

.8 77.7 1706.3 43.5 1724.2 12.1 1724.2 12.1 98.1 

DO109-3 225 23317 1.3 10.7348 0.8 2.7132 9.1 0.2112 9.0 1.00
1235

.4 
101.

5 1332.1 67.3 1491.0 14.7 1491.0 14.7 82.9 

DO109-5 248 214436 3.4 9.5176 0.4 4.3607 2.2 0.3010 2.2 0.98
1696

.3 33.0 1704.9 18.5 1715.5 7.1 1715.5 7.1 98.9 

DO109-6 143 151807 2.3 11.0715 0.5 3.0170 2.2 0.2423 2.1 0.97
1398

.4 26.3 1411.9 16.5 1432.3 10.2 1432.3 10.2 97.6 

DO109-7 113 88883 2.4 9.4903 1.1 4.2855 2.5 0.2950 2.2 0.89
1666

.3 32.2 1690.6 20.3 1720.8 20.7 1720.8 20.7 96.8 
DO109-10 312 15311 2.4 24.3118 21.3 0.0647 21.9 0.0114 5.0 0.23 73.2 3.7 63.7 13.5 -279.4 547.8 73.2 3.7 NA 

DO109-11 311 244942 3.0 9.5611 0.2 3.7210 2.2 0.2580 2.2 0.99
1479

.7 28.5 1575.9 17.4 1707.1 4.5 1707.1 4.5 86.7 
DO109-12 280 10579 1.8 24.2942 11.5 0.0605 11.7 0.0107 2.0 0.17 68.3 1.4 59.6 6.8 -277.5 294.2 68.3 1.4 NA 

DO109-13 377 636940 3.2 9.3673 0.4 4.2554 1.9 0.2891 1.9 0.98
1637

.0 27.2 1684.8 15.8 1744.7 7.4 1744.7 7.4 93.8 

DO109-14 173 39802 2.4 10.6450 15.0 0.7666 17.8 0.0592 9.5 0.53
370.

7 34.0 577.8 78.4 1506.9 285.6 1506.9
285.

6 24.6 

DO109-15 377 48451 2.9 9.5499 0.5 3.5663 2.5 0.2470 2.5 0.98
1423

.0 31.5 1542.1 19.9 1709.3 8.6 1709.3 8.6 83.3 

DO109-16 240 
100216

0 2.2 6.6106 0.6 8.3124 5.3 0.3985 5.3 0.99
2162

.3 97.4 2265.7 48.5 2360.4 11.0 2360.4 11.0 91.6 
DO109-18 262 10354 3.8 23.9305 22.6 0.0648 23.0 0.0113 4.3 0.19 72.1 3.1 63.8 14.2 -239.3 576.8 72.1 3.1 NA 
DO109-19 222 8781 1.6 20.1587 25.3 0.0503 25.6 0.0073 4.1 0.16 47.2 1.9 49.8 12.4 176.6 597.2 47.2 1.9 NA 

DO109-20 200 301457 3.7 9.5431 0.6 4.0662 3.5 0.2814 3.5 0.99
1598

.6 49.1 1647.6 28.6 1710.6 10.1 1710.6 10.1 93.5 

DO109-22 82 137663 1.3 9.9880 0.8 3.8048 2.5 0.2756 2.4 0.95
1569

.3 33.6 1593.8 20.4 1626.3 14.3 1626.3 14.3 96.5 

DO109-23 1727 702952 25.2 5.6217 1.1
11.701

0 3.2 0.4771 2.9 0.93
2514

.5 61.2 2580.8 29.5 2633.2 18.9 2633.2 18.9 95.5 
DO109-24 452 39802 4.2 20.8157 14.4 0.0731 15.0 0.0110 4.3 0.28 70.8 3.0 71.6 10.4 101.3 342.7 70.8 3.0 NA 

DO109-25 414 
195456

6 1.7 5.3066 0.5
12.398

7 1.8 0.4772 1.7 0.96
2515

.0 36.4 2635.1 17.0 2728.6 8.0 2728.6 8.0 92.2 

DO109-26 23 43781 1.2 6.2054 1.3
10.721

1 2.3 0.4825 1.9 0.82
2538

.2 40.2 2499.3 21.7 2467.8 22.7 2467.8 22.7 102.9 

DO109-27 434 7997 3.7 9.5747 0.7 3.4029 3.5 0.2363 3.5 0.98
1367

.5 42.8 1505.1 27.9 1704.5 13.4 1704.5 13.4 80.2 
DO109-30 228 12476 2.5 23.7736 28.2 0.0674 29.2 0.0116 7.8 0.27 74.5 5.8 66.3 18.8 -222.7 720.7 74.5 5.8 NA 

DO109-31 332 703729 3.0 6.2081 0.2 9.9928 1.6 0.4499 1.5 0.99
2394

.9 31.0 2434.1 14.4 2467.0 3.5 2467.0 3.5 97.1 

DO109-32 1155 
157748

6 5.1 5.5715 0.4
10.951

0 1.7 0.4425 1.6 0.97
2361

.9 32.4 2519.0 15.8 2648.1 7.3 2648.1 7.3 89.2 

DO109-33 95 79555 3.8 9.6837 0.7 4.1814 1.3 0.2937 1.1 0.85
1659

.8 16.5 1670.4 10.9 1683.6 12.9 1683.6 12.9 98.6 

DO109-34 59 68744 2.5 9.6834 1.2 4.1838 1.5 0.2938 0.9 0.58
1660

.7 13.0 1670.9 12.6 1683.7 23.0 1683.7 23.0 98.6 

DO109-35 487 721314 2.9 8.4734 0.6 5.5836 2.2 0.3431 2.1 0.97
1901

.8 34.4 1913.6 18.6 1926.4 10.0 1926.4 10.0 98.7 
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DO109-37 188 179598 2.0 9.5779 0.7 4.1981 2.3 0.2916 2.2 0.95
1649

.6 32.3 1673.6 19.1 1703.9 13.0 1703.9 13.0 96.8 

DO109-38 262 336363 4.5 9.5879 0.3 4.0709 1.3 0.2831 1.3 0.97
1606

.9 18.2 1648.5 10.7 1701.9 5.5 1701.9 5.5 94.4 
DO109-41 332 9838 3.0 19.6215 13.4 0.0764 14.2 0.0109 4.5 0.32 69.7 3.1 74.7 10.2 239.2 311.1 69.7 3.1 NA 

DO109-42 145 343565 2.8 6.3256 0.6 8.9193 2.0 0.4092 1.9 0.96
2211

.2 36.5 2329.8 18.6 2435.3 10.1 2435.3 10.1 90.8 

DO109-43 122 127977 2.0 9.5946 1.2 3.7488 2.8 0.2609 2.5 0.91
1494

.3 33.7 1581.8 22.4 1700.7 21.8 1700.7 21.8 87.9 

DO109-44 212 245335 3.0 9.4268 0.5 4.4166 0.9 0.3020 0.7 0.81
1701

.0 10.5 1715.5 7.2 1733.1 9.4 1733.1 9.4 98.1 

DO109-46 252 23465 1.5 9.5650 0.6 3.3697 9.1 0.2338 9.1 1.00
1354

.2 
111.

5 1497.4 71.7 1706.4 10.7 1706.4 10.7 79.4 

DO109-48 242 141596 2.4 9.5243 0.6 4.2993 5.1 0.2970 5.1 0.99
1676

.3 75.4 1693.2 42.4 1714.2 11.6 1714.2 11.6 97.8 

DO109-49 168 159814 10.5 8.9233 0.5 5.0977 1.9 0.3299 1.8 0.96
1838

.0 29.0 1835.7 16.1 1833.2 9.9 1833.2 9.9 100.3 

DO109-50 159 185035 1.6 10.4743 0.7 3.5632 1.6 0.2707 1.5 0.90
1544

.3 20.0 1541.4 12.8 1537.4 13.4 1537.4 13.4 100.4 

DO109-52 330 180309 3.1 9.4837 0.4 4.0157 2.7 0.2762 2.7 0.99
1572

.2 37.9 1637.4 22.3 1722.1 6.9 1722.1 6.9 91.3 
DO109-554 235 12427 2.4 25.4393 18.9 0.0605 20.3 0.0112 7.4 0.37 71.6 5.3 59.7 11.8 -396.1 495.4 71.6 5.3 NA 
DO109-56 223 12153 3.0 23.6379 19.7 0.0646 20.0 0.0111 3.0 0.15 71.0 2.1 63.6 12.3 -208.3 499.2 71.0 2.1 NA 

DO109-57 307 493473 2.3 9.5187 0.3 4.2149 2.0 0.2910 2.0 0.99
1646

.4 28.8 1676.9 16.5 1715.3 6.3 1715.3 6.3 96.0 

DO109-58 416 34071 7.9 9.2952 0.5 3.1736 9.7 0.2140 9.7 1.00
1249

.8 
110.

1 1450.8 75.1 1758.8 9.2 1758.8 9.2 71.1 

DO109-59 120 184061 2.5 9.4552 0.4 4.4869 1.4 0.3077 1.3 0.95
1729

.3 20.4 1728.6 11.7 1727.6 8.0 1727.6 8.0 100.1 

DO109-60 154 101012 1.2 9.4944 0.8 4.1494 4.2 0.2857 4.1 0.98
1620

.2 59.1 1664.1 34.4 1720.0 14.5 1720.0 14.5 94.2 
DO109-61 224 3229 2.2 20.7902 36.7 0.0402 37.0 0.0061 4.5 0.12 39.0 1.8 40.0 14.5 104.1 895.5 39.0 1.8 NA 

DO109-62 268 222630 5.3 9.4628 0.4 4.2883 1.7 0.2943 1.7 0.98
1663

.0 24.5 1691.1 14.1 1726.1 6.9 1726.1 6.9 96.3 
DO109-64 192 8411 2.7 23.7990 21.8 0.0618 22.6 0.0107 5.8 0.26 68.4 4.0 60.9 13.4 -225.4 555.3 68.4 4.0 NA 

DO109-65 413 132929 0.6 16.9915 1.1 0.7192 2.5 0.0886 2.2 0.89
547.

5 11.8 550.2 10.7 561.6 24.5 547.5 11.8 97.5 

DO109-66 271 339659 0.7 9.4738 0.3 3.8689 6.5 0.2658 6.5 1.00
1519

.6 88.2 1607.2 52.6 1724.0 5.4 1724.0 5.4 88.1 
DO109-67 256 4960 1.8 18.5592 35.7 0.0547 36.2 0.0074 5.6 0.15 47.3 2.6 54.1 19.0 366.1 829.9 47.3 2.6 NA 

DO109-69 231 378344 3.6 9.4937 0.4 3.7773 1.2 0.2601 1.2 0.96
1490

.3 15.9 1587.9 10.0 1720.1 6.8 1720.1 6.8 86.6 
DO109-70 211 9721 2.7 19.9890 21.9 0.0747 22.2 0.0108 4.1 0.18 69.4 2.8 73.1 15.7 196.3 513.1 69.4 2.8 NA 
DO109-71 322 9948 2.3 19.1601 13.1 0.0791 13.3 0.0110 2.3 0.17 70.5 1.6 77.3 9.9 293.8 299.8 70.5 1.6 NA 

DO109-72 183 199689 3.4 9.5406 0.7 4.3982 2.2 0.3043 2.0 0.95
1712

.8 30.8 1712.0 17.9 1711.1 12.4 1711.1 12.4 100.1 

DO109-74 154 212173 2.1 6.1557 0.5
10.499

0 6.2 0.4687 6.1 1.00
2478

.0 
126.

4 2479.8 57.2 2481.3 8.4 2481.3 8.4 99.9 

DO109-76 485 203381 6.3 6.3782 0.6 7.3458 3.2 0.3398 3.1 0.98
1885

.7 50.6 2154.4 28.2 2421.3 10.3 2421.3 10.3 77.9 

DO109-77 335 9094 1.9 9.5050 0.8 3.1354 1.7 0.2161 1.5 0.88
1261

.4 17.0 1441.4 12.9 1717.9 14.4 1717.9 14.4 73.4 

DO109-77 131 56806 2.6 10.9325 1.0 3.0181 2.0 0.2393 1.7 0.86
1383

.1 21.3 1412.2 15.2 1456.4 19.4 1456.4 19.4 95.0 
DO109-80 272 11274 3.1 24.1805 26.9 0.0640 27.3 0.0112 4.6 0.17 71.9 3.3 62.9 16.7 -265.6 693.6 71.9 3.3 NA 

DO109-81 218 237193 1.7 10.9890 0.6 3.0382 0.9 0.2421 0.7 0.73
1397

.8 8.7 1417.3 7.2 1446.6 12.3 1446.6 12.3 96.6 
DO109-82 1239 250433 16.5 9.2617 0.7 3.6436 1.6 0.2447 1.4 0.89 1411 17.9 1559.1 12.6 1765.4 12.9 1765.4 12.9 79.9 
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0 .3 
DO109-83 262 35967 3.0 20.0963 21.4 0.0775 21.6 0.0113 3.3 0.15 72.4 2.4 75.8 15.8 183.8 503.0 72.4 2.4 NA 

DO109-84 382 803903 3.4 5.5301 1.4
11.974

4 3.4 0.4803 3.1 0.91
2528

.4 64.7 2602.4 31.9 2660.5 23.5 2660.5 23.5 95.0 

DO109-85 93 270581 2.4 5.2439 0.6
13.327

7 2.0 0.5069 2.0 0.96
2643

.3 42.5 2703.2 19.3 2748.2 9.2 2748.2 9.2 96.2 

DO109-86 446 10055 6.7 9.6183 0.4 3.8108 1.6 0.2658 1.5 0.97 
1519

.6 20.6 1595.0 12.7 1696.1 7.6 1696.1 7.6 89.6 
DO109-89 638 39503 3.2 22.5182 9.8 0.0650 10.7 0.0106 4.2 0.39 68.0 2.8 63.9 6.6 -88.0 241.7 68.0 2.8 NA 

DO109-90 227 177809 4.1 9.1554 0.5 3.8952 5.0 0.2586 4.9 0.99 
1482

.9 65.5 1612.7 40.2 1786.5 9.2 1786.5 9.2 83.0 

DO109-91 219 261831 3.1 9.5159 0.4 3.9019 4.6 0.2693 4.6 1.00 
1537

.2 62.6 1614.1 37.2 1715.8 7.7 1715.8 7.7 89.6 

DO109-93 152 412737 2.4 8.1312 0.4 6.1814 1.2 0.3645 1.1 0.95 
2003

.6 19.1 2001.8 10.3 1999.9 6.7 1999.9 6.7 100.2 

DO109-94 182 441732 3.0 6.1131 0.2 
10.270

6 2.3 0.4554 2.3 0.99 
2419

.0 46.5 2459.5 21.5 2493.0 4.2 2493.0 4.2 97.0 

DO109-95 224 302182 2.4 9.4810 0.5 4.2910 1.7 0.2951 1.7 0.96 
1666

.8 24.5 1691.6 14.3 1722.6 8.7 1722.6 8.7 96.8 

DO109-96 179 169879 1.7 7.8420 0.4 6.5356 0.9 0.3717 0.8 0.89 
2037

.5 14.6 2050.7 8.3 2064.0 7.8 2064.0 7.8 98.7 

DO109-97 328 291182 1.9 9.4482 0.4 4.4061 9.0 0.3019 9.0 1.00 
1700

.9 
135.

0 1713.5 74.9 1728.9 7.7 1728.9 7.7 98.4 

DO109-98 137 196758 2.4 5.3430 0.2 
12.987

4 1.7 0.5033 1.7 0.99 
2627

.9 35.7 2678.7 15.7 2717.3 3.3 2717.3 3.3 96.7 

DO109-99 1067 
155696

5 4.3 4.7076 2.7 
15.058

7 3.5 0.5141 2.2 0.63 
2674

.3 48.5 2819.0 33.6 2924.1 44.5 2924.1 44.5 91.5 
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APPENDIX B.4.  LA-ICP-MS DATA FOR CLA608 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

CLA6-08-1 526 27726 4.3 21.5400 7.1 0.0711 7.1 0.0111 1.0 0.14 71.2 0.7 69.7 4.8 19.8 170.2 71.2 0.7 360.0 
CLA6-08-2 771 71466 10.3 22.6868 13.3 0.0703 13.4 0.0116 1.7 0.12 74.2 1.2 69.0 8.9 -106.3 328.4 74.2 1.2 -69.8 
CLA6-08-3 173 148638 5.5 9.3269 2.0 4.2416 2.6 0.2869 1.6 0.64 1626

.2 
23.3 1682.1 21.0 1752.6 36.1 1752.6 36.1 92.8 

CLA6-08-4 54 2463 3.0 25.7726 48.8 0.0703 48.8 0.0131 2.1 0.04 84.1 1.8 69.0 32.6 -430.2 1349.7 84.1 1.8 -19.6 
CLA6-08-5 228 20973 2.1 24.6871 19.1 0.0614 19.2 0.0110 2.4 0.13 70.5 1.7 60.5 11.3 -318.5 492.7 70.5 1.7 -22.1 
CLA6-08-6 397 11145 4.1 20.5348 21.2 0.0753 21.3 0.0112 2.6 0.12 71.9 1.9 73.7 15.2 133.3 502.7 71.9 1.9 54.0 
CLA6-08-7 338 9924 2.4 21.5284 19.1 0.0719 19.3 0.0112 2.2 0.11 72.0 1.5 70.5 13.1 21.0 463.1 72.0 1.5 342.3 
CLA6-08-8 149 4872 1.8 20.0607 32.7 0.0759 33.1 0.0110 4.8 0.14 70.8 3.4 74.3 23.7 187.9 780.1 70.8 3.4 37.7 
CLA6-08-9 132 27549 2.2 27.3013 75.2 0.0599 75.2 0.0119 2.2 0.03 76.0 1.7 59.1 43.2 -583.8 2381.3 76.0 1.7 -13.0 
CLA6-08-10 219 10536 2.5 19.9008 27.1 0.0769 27.5 0.0111 4.4 0.16 71.2 3.1 75.3 19.9 206.6 639.7 71.2 3.1 34.5 
CLA6-08-11 123 12327 2.4 21.4977 15.3 0.0696 16.1 0.0109 5.2 0.32 69.6 3.6 68.3 10.6 24.5 367.9 69.6 3.6 284.2 
CLA6-08-13 279 34077 3.7 17.7971 12.6 0.0858 12.7 0.0111 2.1 0.16 71.0 1.4 83.6 10.2 459.8 279.5 71.0 1.4 15.4 
CLA6-08-14 224 14547 3.1 16.1312 18.0 0.1006 18.6 0.0118 5.0 0.27 75.4 3.7 97.3 17.3 673.8 387.1 75.4 3.7 11.2 
CLA6-08-15 197 7140 2.2 16.5014 44.6 0.0915 44.7 0.0110 2.9 0.06 70.2 2.0 88.9 38.1 625.1 1010.8 70.2 2.0 11.2 
CLA6-08-16 234 6990 1.7 24.8933 16.7 0.0613 16.8 0.0111 1.1 0.07 71.0 0.8 60.4 9.8 -339.9 434.0 71.0 0.8 -20.9 
CLA6-08-17 214 142422 3.3 9.5283 1.8 3.6331 2.3 0.2511 1.4 0.62 1444

.0 
18.5 1556.8 18.3 1713.4 33.1 1713.4 33.1 84.3 

CLA6-08-18 250 14808 2.6 21.7418 20.1 0.0721 20.2 0.0114 1.9 0.09 72.9 1.4 70.7 13.8 -2.7 489.7 72.9 1.4 -2743.5 
CLA6-08-19 153 7254 2.6 14.4770 39.2 0.1050 39.8 0.0110 6.7 0.17 70.7 4.7 101.4 38.4 901.0 840.2 70.7 4.7 7.8 
CLA6-08-20 218 16563 7.3 25.0459 43.5 0.0579 43.7 0.0105 4.2 0.09 67.4 2.8 57.1 24.3 -355.7 1171.8 67.4 2.8 -18.9 
CLA6-08-21 252 14049 3.5 18.6274 17.5 0.0816 17.8 0.0110 3.2 0.18 70.7 2.2 79.7 13.6 357.8 397.8 70.7 2.2 19.8 
CLA6-08-22 279 32415 4.1 28.6932 40.5 0.0554 40.6 0.0115 3.3 0.08 73.8 2.4 54.7 21.6 -720.5 1168.8 73.8 2.4 -10.2 
CLA6-08-23 431 450150 8.1 7.4028 1.3 6.4561 2.2 0.3466 1.8 0.80 1918

.5 
29.5 2039.9 19.5 2165.1 23.2 2165.1 23.2 88.6 

CLA6-08-24 145 6171 2.0 29.4328 42.7 0.0523 42.7 0.0112 1.6 0.04 71.6 1.1 51.8 21.6 -792.0 1255.6 71.6 1.1 -9.0 
CLA6-08-25 202 3273 5.2 16.3240 31.4 0.0687 31.8 0.0081 4.9 0.15 52.2 2.6 67.5 20.8 648.4 691.2 52.2 2.6 8.1 
CLA6-08-26 158 5103 2.1 21.6090 32.6 0.0694 32.7 0.0109 2.9 0.09 69.7 2.0 68.1 21.6 12.1 802.4 69.7 2.0 577.3 
CLA6-08-27 562 21126 4.5 19.9560 8.8 0.0765 9.0 0.0111 2.0 0.22 71.0 1.4 74.9 6.5 200.1 203.9 71.0 1.4 35.5 
CLA6-08-28 239 4824 2.0 24.4446 23.8 0.0656 23.9 0.0116 2.3 0.10 74.5 1.7 64.5 15.0 -293.3 615.5 74.5 1.7 -25.4 
CLA6-08-29 919 10836 5.2 20.4415 6.7 0.0777 6.7 0.0115 1.0 0.15 73.8 0.7 76.0 4.9 144.0 156.2 73.8 0.7 51.3 
CLA6-08-30 589 35634 3.2 21.6441 8.2 0.0698 8.2 0.0110 0.7 0.08 70.3 0.5 68.5 5.4 8.2 196.8 70.3 0.5 861.7 
CLA6-08-32 349 21189 1.8 19.5359 13.8 0.0774 13.8 0.0110 0.9 0.07 70.3 0.7 75.7 10.1 249.3 318.1 70.3 0.7 28.2 
CLA6-08-34 354 5775 3.5 19.7292 14.1 0.0807 14.1 0.0116 1.2 0.09 74.1 0.9 78.8 10.7 226.6 327.0 74.1 0.9 32.7 
CLA6-08-35 246 9147 3.2 15.8002 36.1 0.0947 36.2 0.0108 2.6 0.07 69.6 1.8 91.8 31.8 718.0 792.1 69.6 1.8 9.7 
CLA6-08-36 513 60246 3.9 21.9362 10.8 0.0694 10.9 0.0110 2.0 0.18 70.8 1.4 68.1 7.2 -24.2 261.2 70.8 1.4 -292.9 
CLA6-08-37 308 13053 1.8 20.9664 11.4 0.0751 11.4 0.0114 1.2 0.11 73.2 0.9 73.5 8.1 84.2 270.7 73.2 0.9 86.9 
CLA6-08-38 232 10605 4.5 32.3956 83.9 0.0446 84.0 0.0105 4.4 0.05 67.2 2.9 44.3 36.4 -1072.1 1377.6 67.2 2.9 -6.3 
CLA6-08-39 348 128658 5.2 9.5555 1.7 3.8318 2.7 0.2656 2.1 0.78 1518

.2 
28.1 1599.5 21.4 1708.2 30.6 1708.2 30.6 88.9 

CLA6-08-40 310 22242 2.7 24.3977 15.8 0.0616 15.9 0.0109 1.9 0.12 69.9 1.3 60.7 9.4 -288.4 404.6 69.9 1.3 -24.2 
CLA6-08-41 350 37869 2.4 21.6042 10.3 0.0718 10.3 0.0113 0.5 0.05 72.1 0.4 70.4 7.0 12.6 248.5 72.1 0.4 572.9 
CLA6-08-43 240 458373 5.6 6.2652 1.1 9.7703 1.5 0.4440 0.9 0.64 2368

.3 
18.4 2413.4 13.5 2451.5 19.1 2451.5 19.1 96.6 

CLA6-08-44 234 12549 3.4 29.0262 29.5 0.0516 29.6 0.0109 2.0 0.07 69.6 1.4 51.0 14.7 -752.8 842.8 69.6 1.4 -9.2 
CLA6-08-45 410 36495 4.1 19.9059 18.3 0.0742 18.4 0.0107 2.0 0.11 68.7 1.3 72.7 12.9 205.9 427.4 68.7 1.3 33.4 
CLA6-08-46 586 466950 6.4 9.3773 2.3 4.0923 3.9 0.2783 3.1 0.80 1582

.9 
43.7 1652.8 31.6 1742.7 42.1 1742.7 42.1 90.8 

CLA6-08-47 504 13776 4.8 21.6892 8.6 0.0699 9.2 0.0110 3.0 0.33 70.5 2.1 68.6 6.1 3.1 208.5 70.5 2.1 2244.2 
CLA6-08-48 394 237063 1.2 10.4414 2.1 3.0273 2.2 0.2293 0.5 0.24 1330 6.4 1414.5 16.6 1543.3 39.7 1543.3 39.7 86.2 
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.6 
CLA6-08-49 129 5286 3.1 28.0382 36.6 0.0552 36.7 0.0112 2.3 0.06 72.0 1.6 54.6 19.5 -656.5 1035.8 72.0 1.6 -11.0 
CLA6-08-50 322 14874 3.3 32.9948 38.6 0.0474 38.6 0.0113 0.5 0.01 72.7 0.4 47.0 17.7 -1127.6 1212.4 72.7 0.4 -6.4 
CLA6-08-51 471 24015 3.0 21.6699 16.4 0.0496 16.5 0.0078 0.9 0.06 50.1 0.5 49.2 7.9 5.3 397.9 50.1 0.5 943.1 
CLA6-08-53 617 15087 2.7 19.6598 5.6 0.0772 5.8 0.0110 1.3 0.23 70.6 0.9 75.5 4.2 234.8 130.1 70.6 0.9 30.1 
CLA6-08-54 249 27978 2.7 16.3621 13.4 0.1077 13.5 0.0128 1.5 0.11 81.9 1.2 103.9 13.3 643.4 289.3 81.9 1.2 12.7 
CLA6-08-56 279 103677 1.3 8.7109 1.3 4.5216 1.7 0.2857 1.1 0.66 1619

.8 
16.2 1735.0 14.1 1876.7 22.9 1876.7 22.9 86.3 

CLA6-08-57 201 23919 1.7 29.9601 45.4 0.0559 45.4 0.0122 1.4 0.03 77.9 1.1 55.3 24.4 -842.6 1357.5 77.9 1.1 -9.2 
CLA6-08-58 188 7662 1.2 24.6503 24.5 0.0618 24.8 0.0110 3.4 0.14 70.8 2.4 60.9 14.6 -314.7 636.4 70.8 2.4 -22.5 
CLA6-08-59 213 77094 2.9 6.1457 1.7 9.1126 1.9 0.4062 0.9 0.45 2197

.4 
16.2 2349.4 17.6 2484.1 29.0 2484.1 29.0 88.5 

CLA6-08-60 179 4428 1.6 20.2522 23.6 0.0754 24.1 0.0111 4.7 0.20 71.0 3.3 73.8 17.1 165.8 558.4 71.0 3.3 42.8 
CLA6-08-61 70 4626 1.4 20.8035 228.

3 
0.0751 228.

3 
0.0113 3.4 0.01 72.7 2.4 73.6 163.

4 
102.6 0.0 72.7 2.4 70.8 

CLA6-08-62 420 17883 2.8 17.2279 14.7 0.0984 14.8 0.0123 1.0 0.07 78.7 0.8 95.3 13.4 531.5 324.3 78.7 0.8 14.8 
CLA6-08-63 498 36021 2.8 18.4846 6.7 0.0899 6.9 0.0120 1.4 0.20 77.2 1.1 87.4 5.7 375.2 151.3 77.2 1.1 20.6 
CLA6-08-64 225 6927 4.6 24.5588 33.8 0.0635 33.9 0.0113 1.4 0.04 72.5 1.0 62.5 20.5 -305.2 886.7 72.5 1.0 -23.8 
CLA6-08-65 179 8439 0.9 23.0783 18.1 0.0750 18.2 0.0126 1.6 0.09 80.4 1.3 73.4 12.9 -148.5 452.0 80.4 1.3 -54.1 
CLA6-08-66 159 208332 2.6 9.2629 1.2 4.6882 1.8 0.3150 1.3 0.73 1765

.1 
20.1 1765.1 14.9 1765.2 22.1 1765.2 22.1 100.0 

CLA6-08-67 143 15435 1.5 17.7855 31.1 0.0932 31.2 0.0120 1.9 0.06 77.0 1.4 90.5 27.0 461.3 705.8 77.0 1.4 16.7 
CLA6-08-68 121 94962 3.3 9.5359 2.0 4.3056 2.2 0.2978 0.9 0.40 1680

.3 
12.9 1694.4 17.8 1712.0 36.4 1712.0 36.4 98.2 

CLA6-08-69 382 25308 1.8 23.6115 14.0 0.0652 14.1 0.0112 2.0 0.14 71.6 1.5 64.1 8.8 -205.5 351.6 71.6 1.5 -34.8 
CLA6-08-70 185 9417 1.5 26.6460 32.4 0.0626 32.5 0.0121 3.3 0.10 77.6 2.6 61.7 19.5 -518.4 883.8 77.6 2.6 -15.0 
CLA6-08-71 165 6831 2.3 23.9796 43.3 0.0683 43.4 0.0119 1.9 0.04 76.2 1.4 67.1 28.2 -244.5 1142.5 76.2 1.4 -31.1 
CLA6-08-72 549 329418 5.0 9.4301 2.7 4.1290 7.6 0.2824 7.2 0.94 1603

.4 
101.

5 
1660.1 62.5 1732.5 49.2 1732.5 49.2 92.6 

CLA6-08-73 132 11325 1.8 32.1706 76.2 0.0510 76.2 0.0119 1.1 0.01 76.2 0.8 50.5 37.5 -1051.1 2667.5 76.2 0.8 -7.3 
CLA6-08-74 199 8703 1.1 22.8921 60.0 0.0729 60.1 0.0121 2.7 0.04 77.6 2.0 71.4 41.5 -128.5 1622.6 77.6 2.0 -60.4 
CLA6-08-75 116 5040 1.6 25.3074 32.4 0.0616 32.5 0.0113 2.1 0.06 72.5 1.5 60.7 19.1 -382.6 860.5 72.5 1.5 -19.0 
CLA6-08-77 450 11319 4.7 21.9838 11.5 0.0714 11.7 0.0114 1.7 0.14 72.9 1.2 70.0 7.9 -29.4 280.6 72.9 1.2 -247.9 
CLA6-08-78 617 76200 2.2 12.7585 3.3 0.2585 5.7 0.0239 4.7 0.81 152.

4 
7.0 233.5 11.9 1156.5 65.9 152.4 7.0 13.2 

CLA6-08-79 325 8778 1.5 21.2356 24.2 0.0770 24.2 0.0119 0.6 0.03 76.0 0.5 75.3 17.6 53.8 584.0 76.0 0.5 141.2 
CLA6-08-80 270 25347 1.5 23.3372 21.1 0.0707 21.1 0.0120 1.8 0.08 76.7 1.4 69.4 14.2 -176.3 530.0 76.7 1.4 -43.5 
CLA6-08-81 181 34353 1.7 18.5940 19.3 0.0943 19.4 0.0127 0.5 0.03 81.4 0.4 91.5 16.9 361.9 440.0 81.4 0.4 22.5 
CLA6-08-82 185 1563 2.1 17.6937 31.7 0.0960 31.7 0.0123 1.0 0.03 78.9 0.8 93.0 28.2 472.7 718.4 78.9 0.8 16.7 
CLA6-08-83 176 723291 1.6 10.6455 1.9 3.2475 3.3 0.2507 2.8 0.83 1442

.3 
35.7 1468.6 25.9 1506.8 35.3 1506.8 35.3 95.7 

CLA6-08-84 778 102984 3.8 9.4626 2.7 4.3844 4.6 0.3009 3.7 0.82 
1695

.8 55.6 1709.4 37.8 1726.2 48.7 1726.2 48.7 98.2 
CLA6-08-85 197 4329 1.1 26.5080 27.0 0.0664 27.0 0.0128 0.5 0.02 81.8 0.4 65.3 17.1 -504.6 729.3 81.8 0.4 -16.2 
CLA6-08-86 236 17445 1.2 17.2870 26.3 0.0954 26.3 0.0120 1.6 0.06 76.7 1.2 92.5 23.3 524.0 585.7 76.7 1.2 14.6 
CLA6-08-87 189 18267 1.7 14.6895 20.8 0.1160 20.9 0.0124 1.4 0.07 79.2 1.1 111.4 22.0 870.9 435.9 79.2 1.1 9.1 

CLA6-08-88 142 128205 1.1 11.0025 1.5 3.1310 1.8 0.2498 1.0 0.55 
1437

.7 12.8 1440.3 13.8 1444.3 28.6 1444.3 28.6 99.5 
CLA6-08-89 247 9795 1.4 23.6731 13.2 0.0741 13.2 0.0127 0.9 0.07 81.4 0.8 72.5 9.2 -212.1 332.0 81.4 0.8 -38.4 

CLA6-08-90 306 62685 4.9 9.1315 1.6 4.4480 1.8 0.2946 0.9 0.50 
1664

.4 13.3 1721.3 15.2 1791.3 29.0 1791.3 29.0 92.9 
CLA6-08-92 561 138366 2.4 23.4466 11.3 0.0653 11.4 0.0111 1.4 0.13 71.2 1.0 64.2 7.1 -188.0 284.0 71.2 1.0 -37.9 
CLA6-08-93 132 7068 1.2 20.2074 21.5 0.0777 21.7 0.0114 3.0 0.14 73.0 2.2 76.0 15.9 170.9 507.9 73.0 2.2 42.7 

CLA6-08-94 237 250086 3.2 5.6979 1.4
11.662

8 1.5 0.4820 0.5 0.35
2535

.8 11.3 2577.7 14.4 2610.8 24.0 2610.8 24.0 97.1 
CLA6-08-95 425 23334 2.8 19.5148 15.8 0.0773 15.8 0.0109 0.5 0.03 70.1 0.4 75.6 11.5 251.8 365.0 70.1 0.4 27.9 
CLA6-08-96 553 11028 2.4 17.0492 21.4 0.0949 21.4 0.0117 1.2 0.06 75.2 0.9 92.1 18.9 554.3 471.5 75.2 0.9 13.6 
CLA6-08-97 774 34884 5.2 21.1263 11.0 0.0781 11.3 0.0120 2.5 0.22 76.7 1.9 76.3 8.3 66.1 263.2 76.7 1.9 115.9 
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CLA6-08-99 331 27189 4.3 19.4298 14.1 0.0844 14.2 0.0119 1.9 0.13 76.2 1.4 82.3 11.2 261.8 325.1 76.2 1.4 29.1 
CLA6-08-
100 585 17220 1.4 23.0116 9.7 0.0699 9.7 0.0117 0.8 0.08 74.7 0.6 68.6 6.4 -141.4 240.3 74.7 0.6 -52.9 
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APPENDIX B.5.  LA-ICP-MS DATA FOR PG208 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

PG208-1 464 15219 1.9 19.4663 11.0 0.0913 11.0 0.0129 0.7 0.06 82.6 0.5 88.7 9.4 257.5 253.2 82.6 0.5 32.1 

PG208-2 1059 17730 1.5 11.1318 2.8 2.6345 4.2 0.2127 3.0 0.73 
1243

.2 34.4 1310.3 30.7 1422.0 54.4 1422.0 54.4 87.4 

PG208-3 464 17904 1.4 20.5947 6.2 0.1101 6.3 0.0164 1.1 0.18 
105.

2 1.2 106.1 6.4 126.5 146.6 105.2 1.2 83.1 

PG208-4 331 250215 2.2 9.4198 1.2 3.6238 2.8 0.2476 2.6 0.91 
1426

.0 33.0 1554.8 22.5 1734.5 21.5 1734.5 21.5 82.2 

PG208-5 636 152328 1.3 10.4245 1.9 3.6318 2.3 0.2746 1.3 0.57 
1564

.0 18.2 1556.5 18.4 1546.4 35.7 1546.4 35.7 101.1 

PG208-6 100 247107 1.4 5.2204 1.1 
14.071

8 1.7 0.5328 1.3 0.77 
2753

.2 28.9 2754.6 15.8 2755.6 17.4 2755.6 17.4 99.9 

PG208-7 228 97293 3.3 10.5855 1.6 3.4483 1.7 0.2647 0.6 0.36 
1514

.0 8.2 1515.5 13.2 1517.5 29.4 1517.5 29.4 99.8 
PG208-8 219 7077 1.2 25.7460 19.8 0.0641 19.8 0.0120 1.7 0.08 76.7 1.3 63.1 12.1 -427.5 522.1 76.7 1.3 -17.9 

PG208-9 120 150888 2.9 9.4725 1.4 4.5342 1.6 0.3115 0.8 0.51 
1748

.1 12.9 1737.3 13.7 1724.2 25.9 1724.2 25.9 101.4 

PG208-10 115 157776 0.6 4.9148 1.8 
15.643

9 1.9 0.5576 0.5 0.28 
2856

.9 12.5 2855.3 18.2 2854.2 29.8 2854.2 29.8 100.1 

PG208-11 165 59481 0.8 5.1765 1.8 
13.808

2 2.0 0.5184 0.8 0.42 
2692

.4 18.0 2736.6 18.6 2769.4 29.2 2769.4 29.2 97.2 
PG208-12 267 6135 2.2 21.4892 21.6 0.0793 21.6 0.0124 1.2 0.06 79.2 1.0 77.5 16.1 25.4 522.6 79.2 1.0 311.5 

PG208-13 477 265338 1.7 16.7714 1.8 0.8216 1.9 0.0999 0.6 0.34 
614.

0 3.7 608.9 8.6 590.0 38.4 614.0 3.7 104.1 

PG208-14 359 22932 1.5 9.5496 2.9 4.0753 4.2 0.2823 3.0 0.71 
1602

.7 42.0 1649.4 34.0 1709.3 54.0 1709.3 54.0 93.8 

PG208-15 312 102702 3.1 12.6199 2.2 2.2278 2.6 0.2039 1.5 0.56 
1196

.2 16.0 1189.8 18.5 1178.2 43.3 1178.2 43.3 101.5 
PG208-16 269 30723 2.3 23.5294 19.1 0.0690 19.2 0.0118 1.3 0.07 75.5 0.9 67.8 12.6 -196.8 482.8 75.5 0.9 -38.4 

PG208-17 285 12960 1.4 16.1880 13.4 0.6293 13.4 0.0739 0.5 0.04 
459.

5 2.4 495.7 52.8 666.3 288.9 459.5 2.4 69.0 

PG208-18 77 251445 1.3 5.0415 2.0 
15.013

1 2.1 0.5489 0.7 0.32 
2820

.8 15.3 2816.1 19.6 2812.7 31.9 2812.7 31.9 100.3 

PG208-19 590 194247 2.2 17.7767 1.9 0.5878 2.5 0.0758 1.6 0.65 
470.

9 7.4 469.5 9.4 462.4 42.1 470.9 7.4 101.8 

PG208-20 128 62844 1.0 12.3057 2.0 2.3780 2.3 0.2122 1.2 0.52 
1240

.7 13.7 1236.0 16.7 1227.8 39.1 1227.8 39.1 101.1 

PG208-22 73 69720 1.6 13.2565 3.2 1.9809 3.4 0.1904 1.1 0.34 
1123

.8 11.8 1109.0 22.6 1080.1 63.2 1080.1 63.2 104.0 

PG208-23 357 381213 2.0 9.0056 1.5 5.0342 1.6 0.3288 0.5 0.34 
1832

.6 8.6 1825.1 13.3 1816.5 26.7 1816.5 26.7 100.9 

PG208-24 222 159939 11.7 5.3834 1.8 
13.509

7 2.2 0.5275 1.4 0.63 
2730

.8 31.4 2716.0 21.2 2704.9 28.9 2704.9 28.9 101.0 

PG208-25 854 367542 3.3 8.7750 1.8 5.2525 2.1 0.3343 1.1 0.54 
1859

.1 18.4 1861.2 18.0 1863.5 32.0 1863.5 32.0 99.8 
PG208-26 125 6336 1.8 20.4665 48.0 0.0797 48.1 0.0118 3.8 0.08 75.8 2.9 77.8 36.1 141.1 1190.3 75.8 2.9 53.7 
PG208-27 158 7827 1.8 21.5368 29.0 0.0733 29.0 0.0115 1.3 0.04 73.4 0.9 71.9 20.1 20.1 708.4 73.4 0.9 364.5 

PG208-28 32 107976 0.8 4.8880 2.1 
15.820

7 2.2 0.5609 0.6 0.27 
2870

.2 13.7 2866.0 20.7 2863.1 33.8 2863.1 33.8 100.2 

PG208-29 211 175113 1.6 11.0809 1.6 3.1141 3.1 0.2503 2.7 0.86 
1439

.9 34.7 1436.2 24.1 1430.7 30.7 1430.7 30.7 100.6 

139



PG208-30 222 528957 1.7 8.0258 1.5 6.3902 3.0 0.3720 2.6 0.86 
2038

.6 46.0 2030.9 26.8 2023.1 27.3 2023.1 27.3 100.8 

PG208-31 328 98649 2.3 17.8805 2.3 0.5489 2.4 0.0712 0.5 0.21 
443.

3 2.1 444.3 8.6 449.4 51.6 443.3 2.1 98.6 

PG208-32 158 197205 1.0 5.4869 1.3 
12.513

8 1.4 0.4980 0.5 0.38 
2605

.1 10.9 2643.8 12.8 2673.5 20.9 2673.5 20.9 97.4 
PG208-33 260 3708 1.2 21.3673 11.0 0.0759 11.0 0.0118 0.8 0.07 75.4 0.6 74.3 7.9 39.1 264.0 75.4 0.6 193.0 
PG208-34 267 11394 1.1 18.9452 16.3 0.0831 16.4 0.0114 1.1 0.07 73.1 0.8 81.0 12.7 319.5 373.0 73.1 0.8 22.9 

PG208-35 116 141552 1.2 11.6262 2.4 2.7625 2.5 0.2329 0.8 0.32 
1349

.9 9.7 1345.5 18.6 1338.4 45.6 1338.4 45.6 100.9 

PG208-36 52 74415 1.2 5.1033 1.4 
14.655

9 1.5 0.5425 0.5 0.33 
2793

.7 11.3 2793.2 14.3 2792.8 23.3 2792.8 23.3 100.0 
PG208-37 156 3714 1.5 18.6743 26.8 0.0860 26.9 0.0116 1.9 0.07 74.6 1.4 83.7 21.6 352.1 615.8 74.6 1.4 21.2 

PG208-39 253 233499 3.2 9.6313 1.0 4.2818 1.1 0.2991 0.5 0.46 
1686

.8 7.6 1689.9 9.2 1693.6 18.3 1693.6 18.3 99.6 

PG208-41 69 38157 0.8 13.7299 3.1 1.6347 3.1 0.1628 0.5 0.16 
972.

2 4.5 983.7 19.8 1009.3 63.0 1009.3 63.0 96.3 

PG208-42 397 45042 1.0 18.1531 2.2 0.5510 2.3 0.0725 0.6 0.28 
451.

5 2.7 445.6 8.1 415.7 48.4 451.5 2.7 108.6 

PG208-43 323 313026 1.5 9.5438 1.5 4.4008 1.8 0.3046 1.1 0.58 
1714

.1 16.3 1712.5 15.3 1710.4 27.6 1710.4 27.6 100.2 

PG208-44 152 99366 2.0 8.9668 1.6 5.0767 1.8 0.3302 0.8 0.44 
1839

.1 12.6 1832.2 15.4 1824.4 29.6 1824.4 29.6 100.8 
PG208-45 203 8826 1.2 23.5173 20.1 0.0660 20.2 0.0113 2.0 0.10 72.2 1.4 64.9 12.7 -195.5 506.9 72.2 1.4 -36.9 

PG208-47 287 36996 1.0 13.8828 2.5 1.5945 2.5 0.1605 0.5 0.21 
959.

8 4.6 968.0 15.6 986.8 49.9 986.8 49.9 97.3 

PG208-48 76 76299 0.8 9.1636 2.6 4.8422 2.8 0.3218 1.2 0.43 
1798

.6 19.3 1792.3 23.8 1784.9 46.5 1784.9 46.5 100.8 
PG208-49 525 15642 1.6 23.0842 9.1 0.0704 9.1 0.0118 0.5 0.06 75.5 0.4 69.0 6.1 -149.2 225.1 75.5 0.4 -50.6 

PG208-50 190 70989 0.5 13.6413 2.7 1.7769 2.9 0.1758 0.9 0.32 
1044

.0 9.1 1037.1 18.8 1022.4 55.5 1022.4 55.5 102.1 

PG208-51 331 66978 1.0 17.8022 1.8 0.5252 2.3 0.0678 1.4 0.61 
422.

9 5.7 428.6 8.0 459.2 40.4 422.9 5.7 92.1 

PG208-52 462 13992 6.8 5.0745 1.6 
10.549

9 5.3 0.3883 5.1 0.95 
2114

.8 92.0 2484.3 49.6 2802.0 26.4 2802.0 26.4 75.5 
PG208-53 635 1740 1.8 9.6736 33.3 0.1813 33.4 0.0127 3.3 0.10 81.5 2.6 169.2 52.2 1685.5 632.9 81.5 2.6 4.8 

PG208-56 461 215385 2.2 9.7623 1.2 4.1847 2.2 0.2963 1.8 0.82 
1672

.9 26.7 1671.0 18.0 1668.7 22.9 1668.7 22.9 100.3 

PG208-57 378 136647 1.3 17.7682 1.8 0.5582 1.9 0.0719 0.5 0.27 
447.

8 2.2 450.3 6.8 463.5 40.2 447.8 2.2 96.6 

PG208-58 872 502077 10.2 5.9010 1.0 7.8136 2.3 0.3344 2.1 0.91 
1859

.7 34.1 2209.8 20.9 2552.3 16.2 2552.3 16.2 72.9 

PG208-59 55 153528 2.1 4.8605 2.3 
16.035

0 2.4 0.5653 0.7 0.27 
2888

.3 15.1 2878.9 22.8 2872.3 37.2 2872.3 37.2 100.6 

PG208-60 305 127485 1.3 18.5329 3.2 0.5245 3.5 0.0705 1.5 0.43 
439.

1 6.4 428.1 12.2 369.3 71.2 439.1 6.4 118.9 

PG208-61 197 764685 1.9 9.3544 1.6 4.2945 2.7 0.2914 2.2 0.81 
1648

.3 31.6 1692.3 22.1 1747.2 28.9 1747.2 28.9 94.3 
PG208-62 293 13215 4.5 23.5089 19.3 0.0633 19.4 0.0108 2.0 0.10 69.2 1.4 62.3 11.8 -194.6 487.8 69.2 1.4 -35.6 
PG208-63 76 9291 3.6 22.5516 37.3 0.0591 37.8 0.0097 6.0 0.16 62.0 3.7 58.3 21.4 -91.6 942.7 62.0 3.7 -67.7 

PG208-64 186 140241 3.0 11.3085 2.2 2.7454 2.3 0.2252 0.5 0.22 
1309

.1 5.9 1340.8 16.9 1391.8 42.6 1391.8 42.6 94.1 
PG208-65 1277 76230 4.1 20.8536 2.7 0.0971 4.6 0.0147 3.7 0.81 94.0 3.5 94.1 4.1 96.9 64.0 94.0 3.5 97.0 

PG208-66 196 240015 3.2 9.5107 0.7 3.5205 1.2 0.2428 1.0 0.83 
1401

.4 13.1 1531.8 9.9 1716.8 12.7 1716.8 12.7 81.6 
PG208-68 275 53625 3.1 19.9016 23.4 0.1047 23.4 0.0151 1.3 0.05 96.7 1.2 101.1 22.5 206.4 548.7 96.7 1.2 46.8 
PG208-69 274 9558 5.6 20.7750 14.3 0.0691 14.4 0.0104 1.4 0.09 66.7 0.9 67.8 9.4 105.9 339.3 66.7 0.9 63.0 
PG208-70 498 338292 7.5 8.8750 0.8 4.7013 1.3 0.3026 1.1 0.81 1704 15.7 1767.5 10.8 1843.0 13.6 1843.0 13.6 92.5 
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.3 

PG208-71 216 338634 1.7 5.4227 1.5 
11.156

6 2.1 0.4388 1.5 0.72 
2345

.2 29.5 2536.3 19.5 2692.9 24.1 2692.9 24.1 87.1 
PG208-72 318 13470 3.2 23.9774 13.4 0.0562 13.5 0.0098 1.8 0.13 62.7 1.1 55.5 7.3 -244.2 340.3 62.7 1.1 -25.7 
PG208-73 430 88911 3.1 17.8828 12.7 0.0773 15.6 0.0100 9.1 0.58 64.3 5.8 75.6 11.3 449.2 282.3 64.3 5.8 14.3 

PG208-74 346 86874 4.5 9.5936 1.4 3.8833 1.9 0.2702 1.3 0.69 
1541

.8 18.4 1610.2 15.6 1700.9 25.6 1700.9 25.6 90.6 
PG208-76 146 8250 2.6 27.7394 41.1 0.0538 41.3 0.0108 3.6 0.09 69.4 2.5 53.2 21.4 -627.1 1165.1 69.4 2.5 -11.1 
PG208-77 302 11997 1.9 23.0432 18.0 0.0606 18.3 0.0101 3.3 0.18 64.9 2.1 59.7 10.6 -144.8 449.4 64.9 2.1 -44.9 

PG208-78 24 42609 1.1 10.5353 5.7 3.4048 5.9 0.2602 1.4 0.24 
1490

.7 18.9 1505.5 46.3 1526.4 107.9 1526.4 
107.

9 97.7 

PG208-79 294 164058 2.2 10.5562 1.4 3.1307 1.8 0.2397 1.2 0.67 
1385

.1 15.5 1440.3 14.2 1522.7 25.8 1522.7 25.8 91.0 
PG208-81 715 9195 1.8 19.9620 16.2 0.0777 16.2 0.0113 1.1 0.07 72.1 0.8 76.0 11.9 199.4 377.5 72.1 0.8 36.2 

PG208-83 167 199167 2.2 10.6922 1.5 2.9744 5.3 0.2307 5.0 0.96 
1337

.9 60.9 1401.1 40.0 1498.5 28.4 1498.5 28.4 89.3 

PG208-85 711 964005 2.7 9.0162 1.6 4.7846 2.4 0.3129 1.8 0.75 
1754

.8 27.3 1782.2 19.8 1814.4 28.2 1814.4 28.2 96.7 

PG208-86 1513 36747 20.0 13.2662 1.4 1.5432 1.7 0.1485 1.0 0.56 
892.

4 7.9 947.8 10.5 1078.7 28.4 1078.7 28.4 82.7 

PG208-88 200 27249 3.8 24.7817 18.7 0.0974 18.8 0.0175 0.9 0.05 
111.

9 1.0 94.4 16.9 -328.3 485.0 111.9 1.0 -34.1 

PG208-90 207 184665 5.0 8.7776 1.2 5.2913 1.3 0.3369 0.5 0.38 
1871

.5 8.1 1867.5 11.1 1862.9 21.7 1862.9 21.7 100.5 

PG208-92 279 47475 1.8 17.6337 2.7 0.5475 2.9 0.0700 1.2 0.40 
436.

3 5.0 443.3 10.5 480.2 59.2 436.3 5.0 90.8 

PG208-93 671 143130 9.7 9.5607 1.1 3.3040 2.6 0.2291 2.3 0.90 
1329

.8 28.0 1482.0 20.1 1707.2 20.2 1707.2 20.2 77.9 

PG208-97 622 167421 4.8 13.6746 1.1 1.5049 3.6 0.1492 3.4 0.95 
896.

7 28.7 932.4 21.9 1017.5 21.7 896.7 28.7 88.1 

PG208-99 84 121560 1.7 13.1052 2.0 1.8086 2.1 0.1719 0.7 0.32 
1022

.6 6.5 1048.6 14.0 1103.1 40.4 1103.1 40.4 92.7 
PG208-
100A 266 107388 5.4 16.2699 1.9 0.8568 2.4 0.1011 1.5 0.62 

620.
9 8.9 628.4 11.4 655.5 41.0 620.9 8.9 94.7 
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APPENDIX B.6.  LA-ICP-MS DATA FOR PIO509 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 206Pb* ± 207Pb* ± 206Pb* ± 
Best 
age ± 

Con
c 

  (ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 238U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 
PIO509-1 173 6815 2.3 14.2449 33.0 0.0501 34.3 0.0052 9.3 0.27 33.3 3.1 49.7 16.6 934.2 696.4 33.3 3.1 NA 
PIO509-2 806 75135 2.7 20.9469 5.1 0.0750 5.3 0.0114 1.4 0.26 73.0 1.0 73.4 3.7 86.4 120.5 73.0 1.0 NA 
PIO509-3 1255 36589 6.7 14.5128 6.3 0.1965 7.4 0.0207 3.9 0.53 132.0 5.1 182.1 12.3 895.9 129.1 132.0 5.1 14.7 
PIO509-4 331 18209 0.8 24.5927 37.2 0.0303 39.8 0.0054 14.1 0.35 34.8 4.9 30.3 11.9 -308.7 981.4 34.8 4.9 NA 
PIO509-5 212 10380 1.2 21.2302 49.4 0.0387 50.2 0.0060 9.0 0.18 38.3 3.4 38.6 19.0 54.4 1249.6 38.3 3.4 NA 
PIO509-6 794 33829 4.9 9.797 0.35 2.1350 5.79 0.1517 5.78 1.00 910.5 49.1 1160.2 40.1 1662 6    
PIO509-7 347 1904 1.5 19.9050 27.8 0.0386 28.2 0.0056 5.0 0.18 35.9 1.8 38.5 10.7 206.0 656.0 35.9 1.8 NA 
PIO509-8 830 48547 1.8 20.5827 5.4 0.0728 17.7 0.0109 16.8 0.95 69.7 11.6 71.4 12.2 127.8 127.9 69.7 11.6 NA 
PIO509-9 636 23358 2.7 20.9010 10.0 0.0761 10.3 0.0115 2.7 0.26 73.9 2.0 74.5 7.4 91.6 236.8 73.9 2.0 NA 
PIO509-
10 421 930 1.5 19.980 7.36 0.0911 9.14 0.0132 5.42 0.59 84.5 4.6 88.5 7.8 197 171 

   

PIO509-
11 60 199293 1.4 9.5528 0.6 4.2564 2.1 0.2949 2.0 0.96 1666.0 29.9 1685.0 17.4 1708.7 10.5 1708.7 10.5 97.5 
PIO509-
12 131 1633 2.0 12.0120 47.2 0.0609 48.7 0.0053 11.7 0.24 34.1 4.0 60.0 28.4 1275.1 979.2 34.1 4.0 2.7 
PIO509-
13 644 4679 5.4 11.766 1.52 2.0731 8.55 0.1769 8.41 0.98 1050.1 81.5 1140.0 58.6 1315 29    
PIO509-
14 181 9094 1.1 27.0613 36.3 0.0331 37.3 0.0065 8.5 0.23 41.7 3.5 33.0 12.1 -559.9 1006.4 41.7 3.5 NA 
PIO509-
15 355 49191 2.3 9.107 0.80 4.5901 6.21 0.3032 6.15 0.99 1707.0 92.3 1747.5 51.8 1796 15    
PIO509-
17 120 3687 0.7 20.9901 31.7 0.0746 32.6 0.0114 7.8 0.24 72.8 5.6 73.1 23.0 81.5 768.5 72.8 5.6 NA 
PIO509-
18 258 420598 2.6 5.7764 0.4 10.8748 2.3 0.4556 2.3 0.98 2420.1 45.6 2512.5 21.4 2588.0 6.9 2588.0 6.9 93.5 
PIO509-
19 282 246535 5.1 9.1408 0.8 4.7476 3.3 0.3147 3.2 0.97 1764.0 49.2 1775.7 27.6 1789.4 15.1 1789.4 15.1 98.6 
PIO509-
20 124 4909 0.8 19.684 82.5 0.0673 

234.
4 0.0096 

219.
4 0.94 61.6 

134.
6 66.1 

151.
1 232 2409    

PIO509-
21 124 143334 2.1 13.3291 1.5 1.8765 2.1 0.1814 1.5 0.72 1074.7 15.2 1072.8 14.2 1069.2 30.0 1069.2 30.0 

100.
5 

PIO509-
22 2040 40478 3.9 21.3538 3.4 0.0359 4.1 0.0056 2.2 0.55 35.7 0.8 35.8 1.4 40.6 81.4 35.7 0.8 NA 
PIO509-
23 1639 115670 23.7 20.3823 2.0 0.1221 2.6 0.0180 1.6 0.62 115.3 1.9 116.9 2.9 150.8 48.0 115.3 1.9 NA 
PIO509-
24 161 3897 0.8 11.2923 193.8 0.0673 

194.
1 0.0055 10.9 0.06 35.4 3.9 66.1 

124.
9 1394.6 572.0 35.4 3.9 2.5 

PIO509-
25 251 204756 2.0 6.9847 1.2 7.0884 2.6 0.3591 2.3 0.88 1977.8 39.7 2122.6 23.4 2265.9 21.2 2265.9 21.2 87.3 
PIO509-
26 942 11941 2.4 18.978 11.86 0.0832 

13.5
0 0.0115 6.4 0.48 73.4 4.7 81.1 10.5 316 271    

PIO509-
27 104 160495 1.1 5.0477 0.3 14.0424 3.1 0.5141 3.1 1.00 2674.1 67.6 2752.6 29.4 2810.7 4.9 2810.7 4.9 95.1 
PIO509-
28 95 780 2.7 19.0064 65.2 0.0359 68.1 0.0049 19.7 0.29 31.8 6.2 35.8 23.9 312.2 1669.1 31.8 6.2 NA 
PIO509-
29 627 62011 13.0 19.4616 8.9 0.1126 11.5 0.0159 7.3 0.63 101.7 7.3 108.4 11.8 258.1 205.5 101.7 7.3 NA 
PIO509-
30 129 1993 1.9 6.2236 150.4 0.1243 

150.
9 0.0056 12.7 0.08 36.1 4.6 119.0 

171.
0 2462.8 373.7 2462.8 

373.
7 1.5 

PIO509-
31 532 579581 4.1 11.0587 0.4 3.1371 1.4 0.2516 1.4 0.96 1446.8 18.0 1441.8 11.1 1434.5 7.5 1434.5 7.5 

100.
9 
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PIO509-
32 169 410679 2.7 11.5073 1.2 2.6786 6.5 0.2235 6.3 0.98 1300.6 74.7 1322.6 47.8 1358.3 23.2 1358.3 23.2 95.8 
PIO509-
34 290 419471 2.0 9.2562 0.4 4.7440 2.9 0.3185 2.9 0.99 1782.3 45.6 1775.0 24.7 1766.5 6.7 1766.5 6.7 

100.
9 

PIO509-
35 363 18177 2.2 18.4669 10.3 0.1333 10.5 0.0178 2.3 0.22 114.0 2.6 127.0 12.6 377.3 231.4 114.0 2.6 NA 
PIO509-
36 408 29287 1.3 23.1644 23.5 0.0652 23.6 0.0109 2.5 0.11 70.2 1.7 64.1 14.7 -157.8 590.5 70.2 1.7 NA 
PIO509-
37 114 214485 1.4 8.6101 0.6 5.4479 1.5 0.3402 1.3 0.92 1887.7 22.1 1892.4 12.6 1897.7 10.3 1897.7 10.3 99.5 
PIO509-
39 237 217631 3.1 9.5583 0.6 4.2172 3.1 0.2924 3.1 0.98 1653.3 44.8 1677.4 25.8 1707.7 11.6 1707.7 11.6 96.8 
PIO509-
40 340 359634 1.2 5.4881 1.0 11.5900 1.5 0.4613 1.1 0.76 2445.4 23.3 2571.9 14.0 2673.1 16.0 2673.1 16.0 91.5 
PIO509-
41 104 625 2.2 8.656 78.79 0.0804 

80.1
4 0.0050 14.7 0.18 32.4 4.7 78.5 60.6 1888 1803    

PIO509-
42 120 3613 2.0 9.3166 108.0 0.0852 

108.
4 0.0058 9.3 0.09 37.0 3.4 83.0 86.7 1754.7 133.7 37.0 3.4 2.1 

PIO509-
43 589 13796 2.1 19.236 11.09 0.0841 

11.7
7 0.0117 3.9 0.33 75.2 2.9 82.0 9.3 285 254    

PIO509-
44 409 14518 1.4 27.0825 24.5 0.0274 25.1 0.0054 5.1 0.20 34.6 1.8 27.5 6.8 -562.0 669.8 34.6 1.8 NA 
PIO509-
45 646 84779 1.5 22.0403 5.6 0.0724 5.8 0.0116 1.7 0.30 74.1 1.3 70.9 4.0 -35.6 135.0 74.1 1.3 NA 
PIO509-
46 330 987074 1.7 5.2462 0.2 14.6464 1.8 0.5573 1.8 0.99 2855.4 41.2 2792.5 17.1 2747.4 3.5 2747.4 3.5 

103.
9 

PIO509-
47 182 2777 2.4 17.3201 57.3 0.0398 59.9 0.0050 17.3 0.29 32.2 5.5 39.7 23.3 519.7 1373.4 32.2 5.5 NA 
PIO509-
48 1031 81854 3.2 20.3040 4.3 0.1022 5.0 0.0150 2.5 0.50 96.3 2.4 98.8 4.7 159.8 100.6 96.3 2.4 NA 
PIO509-
49 811 1211 4.6 7.526 1.56 2.1409 6.31 0.1169 6.1 0.97 712.5 41.3 1162.1 43.7 2136 27    
PIO509-
50 267 10037 0.9 22.5840 16.7 0.0691 17.6 0.0113 5.7 0.33 72.5 4.1 67.8 11.6 -95.1 411.5 72.5 4.1 NA 
PIO509-
51 393 840575 3.2 10.7432 0.5 3.3770 2.2 0.2631 2.1 0.97 1505.8 28.8 1499.1 17.3 1489.6 10.3 1489.6 10.3 

101.
1 

PIO509-
52 201 17278 6.4 20.1306 11.3 0.3049 14.0 0.0445 8.3 0.59 280.8 22.8 270.2 33.2 179.8 263.3 280.8 22.8 NA 
PIO509-
53 78 10260 1.6 2.520 

1224.5
2 0.6507 

1224
.82 0.0119 26.9 0.02 76.2 20.4 508.9 

#NU
M! 3897 581    

PIO509-
54 294 44716 3.8 20.1680 14.1 0.1188 14.6 0.0174 3.6 0.25 111.1 4.0 114.0 15.7 175.5 330.4 111.1 4.0 NA 
PIO509-
55 115 250811 0.9 9.6903 0.5 4.2803 1.7 0.3008 1.6 0.95 1695.4 24.1 1689.6 14.0 1682.4 9.3 1682.4 9.3 

100.
8 

PIO509-
56 284 77690 1.7 8.737 0.80 5.3205 4.39 0.3372 4.3 0.98 1873.0 70.1 1872.2 37.5 1871 14    
PIO509-
57 30 194 0.9 3.197 177.93 0.0737 

381.
26 0.0017 

337.
2 0.88 11.0 37.1 72.2 

272.
0 3535 920    

PIO509-
58 359 14542 0.9 22.0666 27.3 0.0348 27.7 0.0056 4.8 0.17 35.8 1.7 34.8 9.5 -38.5 674.5 35.8 1.7 NA 
PIO509-
59 410 15870 1.7 29.1398 33.2 0.0255 33.5 0.0054 4.4 0.13 34.6 1.5 25.6 8.4 -763.7 954.5 34.6 1.5 NA 
PIO509-
60 398 103 1.1 16.027 20.04 0.1275 

21.2
1 0.0148 7.0 0.33 94.8 6.5 121.8 24.4 688 432    

PIO509-
61 173 211628 2.7 9.3117 0.7 4.6329 2.4 0.3129 2.3 0.96 1754.9 36.1 1755.2 20.4 1755.6 12.0 1755.6 12.0 

100.
0 

PIO509-
62 273 17326 2.6 24.8205 21.8 0.0651 22.1 0.0117 3.1 0.14 75.1 2.3 64.1 13.7 -332.4 567.2 75.1 2.3 NA 
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PIO509-
64 585 27196 2.2 21.1957 8.0 0.0747 8.7 0.0115 3.5 0.41 73.6 2.6 73.2 6.2 58.3 190.3 73.6 2.6 NA 
PIO509-
65 126 2242 1.3 8.483 110.15 0.0827 

111.
66 0.0051 18.3 0.16 33 6 80.7 86.8 1924 228    

PIO509-
66 66 2295 3.2 5.822 226.12 0.1306 

227.
05 0.0055 20.5 0.09 35 7 124.7 

272.
8 2575 157    

PIO509-
67 82 4643 1.1 6.9401 362.5 0.2291 

362.
8 0.0115 13.7 0.04 73.9 10.1 209.4 

834.
8 2276.9 522.3 2276.9 

522.
3 3.2 

PIO509-
68 2523 107848 39.8 20.6268 1.6 0.1084 3.9 0.0162 3.6 0.92 103.7 3.7 104.5 3.9 122.8 37.2 103.7 3.7 NA 
PIO509-
69 179 12557 0.6 19.9359 26.7 0.0793 27.6 0.0115 7.0 0.25 73.5 5.1 77.4 20.6 202.5 629.5 73.5 5.1 NA 
PIO509-
70 467 15654 1.6 19.8063 10.1 0.0814 10.8 0.0117 3.8 0.35 74.9 2.9 79.4 8.2 217.6 234.0 74.9 2.9 NA 
PIO509-
71 131 1035 1.9 15.9303 32.1 0.0498 33.1 0.0058 7.7 0.23 37.0 2.8 49.3 15.9 700.5 701.7 37.0 2.8 NA 
PIO509-
72 124 10193 2.0 6.703 183.49 0.1041 

186.
98 0.0051 36.0 0.19 33 12 100.6 

180.
9 2337 156    

PIO509-
73 179 970 970 970 970 0.0534 

45.2
1 0.0105 7.6 0.17 67 5 52.9 23.3 -569 1256 

   

PIO509-
74 125 150 150 150 150 0.0488 

68.3
1 0.0040 34.5 0.51 26 9 48.4 32.3 1388 1255 

   

PIO509-
75 648 4710 4710 4710 4710 1.9749 

21.1
3 0.1310 21.1 1.00 794 158 1107.0 

143.
4 1788 16 

   

PIO509-
76 203 4382 0.8 21.6283 53.3 0.0417 55.2 0.0065 14.1 0.26 42.0 5.9 41.5 22.4 10.0 1375.4 42.0 5.9 NA 
PIO509-
77 95 65838 2.2 13.0951 1.2 1.8638 2.4 0.1770 2.1 0.88 1050.6 20.6 1068.3 16.0 1104.6 23.3 1104.6 23.3 95.1 
PIO509-
78 117 1034 1.4 19.2147 47.5 0.0422 51.0 0.0059 18.4 0.36 37.8 6.9 41.9 20.9 287.3 1147.6 37.8 6.9 NA 
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APPENDIX B.7.  LA-ICP-MS DATA FOR CHA108 
Analysis 

U 
206
Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 

206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 

204
Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

CHA108-1 562 
3341

7 2.9 21.1108 6.4 0.0783 6.6 0.0120 1.6 0.24 76.9 1.2 76.6 4.8 67.9 152.0 76.9 1.2 113.2 
CHA108-2 119 2979 1.1 27.0674 69.3 0.0423 69.3 0.0083 2.6 0.04 53.4 1.4 42.1 28.6 -560.5 2115.3 53.4 1.4 -9.5 

CHA108-3 192 
1854

51 1.7 6.2419 3.1 8.8296 3.2 0.3997 1.1 0.34 
2167

.8 20.1 2320.6 29.6 2457.8 51.7 2457.8 51.7 88.2 
CHA108-4 244 8130 1.2 23.2217 23.2 0.0474 23.8 0.0080 5.2 0.22 51.3 2.7 47.0 10.9 -163.9 583.9 51.3 2.7 -31.3 
CHA108-5 342 8817 2.0 19.6947 17.3 0.0485 17.3 0.0069 1.0 0.06 44.5 0.4 48.1 8.1 230.6 401.7 44.5 0.4 19.3 

CHA108-6 465 
1137

6 1.0 21.3717 5.9 0.0998 6.1 0.0155 1.6 0.26 99.0 1.6 96.6 5.6 38.5 140.9 99.0 1.6 256.8 

CHA108-7 602 
1020

3 1.4 20.1529 3.5 0.1007 3.6 0.0147 0.8 0.22 94.2 0.7 97.4 3.3 177.2 82.1 94.2 0.7 53.1 
CHA108-8 165 4176 1.1 24.0056 27.9 0.0468 28.1 0.0081 3.7 0.13 52.3 1.9 46.5 12.8 -247.2 717.4 52.3 1.9 -21.2 
CHA108-9 133 5832 1.2 20.2784 42.0 0.0452 42.2 0.0067 4.2 0.10 42.7 1.8 44.9 18.5 162.7 1022.1 42.7 1.8 26.3 

CHA108-10 335 
1640

7 1.7 21.8700 6.8 0.1079 7.1 0.0171 2.0 0.28 
109.

4 2.2 104.1 7.1 -16.9 165.7 109.4 2.2 -649.1 

CHA108-11 41 2178 1.7 26.5251 94.4 0.1046 94.6 0.0201 5.9 0.06 
128.

5 7.5 101.0 91.2 -506.3 1386.6 128.5 7.5 -25.4 

CHA108-13 191 8022 1.4 20.8377 10.5 0.1114 10.6 0.0168 0.6 0.05 
107.

7 0.6 107.3 10.7 98.8 250.0 107.7 0.6 109.0 

CHA108-14 580 
4708

65 2.4 5.5404 1.3 
12.768

5 1.6 0.5131 0.9 0.57 
2669

.7 19.9 2662.7 15.0 2657.4 21.7 2657.4 21.7 100.5 
CHA108-15 134 5043 1.8 31.1841 74.8 0.0276 75.0 0.0062 6.4 0.09 40.1 2.6 27.6 20.5 -958.7 2545.0 40.1 2.6 -4.2 

CHA108-16 483 
3277

5 2.3 19.8599 4.3 0.1142 4.3 0.0165 0.6 0.15 
105.

2 0.7 109.8 4.5 211.3 99.0 105.2 0.7 49.8 

CHA108-17 423 
1842

9 1.4 21.1443 4.8 0.1130 4.8 0.0173 0.7 0.14 
110.

7 0.8 108.7 5.0 64.1 114.1 110.7 0.8 172.7 

CHA108-19 281 
4120

50 1.9 5.7661 10.1 9.8171 12.2 0.4105 6.9 0.57 
2217

.4 
129.

5 2417.8 
112.

8 2591.0 168.1 2591.0 
168.

1 85.6 

CHA108-20 128 
2615

4 1.0 17.2691 2.7 0.7021 2.7 0.0879 0.5 0.19 
543.

3 2.7 540.0 11.4 526.3 58.7 543.3 2.7 103.2 
CHA108-21 77 8661 0.8 28.4585 69.3 0.0519 69.5 0.0107 5.4 0.08 68.7 3.7 51.4 34.9 -697.6 2173.9 68.7 3.7 -9.8 

CHA108-22 557 
1225

2 1.3 17.6666 29.7 0.1323 29.9 0.0170 3.3 0.11 
108.

4 3.6 126.2 35.5 476.1 671.0 108.4 3.6 22.8 

CHA108-23 1923 
2866

23 2.1 19.8254 1.9 0.1879 2.4 0.0270 1.4 0.60 
171.

8 2.4 174.8 3.8 215.3 44.0 171.8 2.4 79.8 

CHA108-24 194 
1045

2 1.8 20.0374 10.9 0.1136 11.1 0.0165 1.8 0.17 
105.

6 1.9 109.3 11.5 190.7 254.9 105.6 1.9 55.4 

CHA108-25 192 
3171

9 1.7 18.1082 4.7 0.5150 5.6 0.0676 3.1 0.55 
421.

9 12.5 421.8 19.2 421.3 103.9 421.9 12.5 100.2 

CHA108-26 421 
8527

2 1.2 20.3411 8.0 0.1054 8.0 0.0155 1.1 0.14 99.4 1.1 101.7 7.8 155.6 186.9 99.4 1.1 63.9 

CHA108-27 1005 
9663

9 3.2 20.8908 3.9 0.1093 3.9 0.0166 0.6 0.15 
105.

9 0.6 105.4 3.9 92.8 91.5 105.9 0.6 114.2 

CHA108-28 479 
1296

3 2.6 17.7646 9.0 0.0553 9.6 0.0071 3.6 0.37 45.7 1.6 54.6 5.1 463.9 199.1 45.7 1.6 9.9 
CHA108-29 182 6252 1.3 19.5205 29.3 0.0516 29.4 0.0073 2.7 0.09 46.9 1.3 51.0 14.6 251.1 687.3 46.9 1.3 18.7 

CHA108-30 416 
4059

0 1.5 21.1620 2.8 0.0996 3.2 0.0153 1.6 0.50 97.8 1.6 96.4 3.0 62.1 67.1 97.8 1.6 157.5 

CHA108-31 350 
1206

6 2.2 19.0982 7.5 0.1177 7.5 0.0163 0.7 0.09 
104.

3 0.7 113.0 8.0 301.2 170.8 104.3 0.7 34.6 
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CHA108-32 167 
2351

97 2.2 9.0554 1.6 4.9246 2.0 0.3234 1.3 0.63 
1806

.4 20.3 1806.5 17.2 1806.5 28.7 1806.5 28.7 100.0 
CHA108-33 2636 8928 0.9 21.4429 4.6 0.0513 5.0 0.0080 1.9 0.37 51.2 0.9 50.8 2.5 30.6 110.6 51.2 0.9 167.2 

CHA108-34 780 
2389

8 1.5 21.3792 4.6 0.0543 4.7 0.0084 0.8 0.17 54.0 0.4 53.7 2.5 37.7 111.2 54.0 0.4 143.3 

CHA108-35 294 
4036

8 1.3 21.4864 8.8 0.1060 9.0 0.0165 2.2 0.24 
105.

6 2.3 102.3 8.8 25.7 210.2 105.6 2.3 410.3 

CHA108-36 658 
3133

2 1.1 21.7373 4.8 0.0787 5.0 0.0124 1.3 0.26 79.5 1.0 76.9 3.7 -2.2 116.8 79.5 1.0 -3683.9 

CHA108-37 317 
1167

3 1.7 21.6506 14.2 0.0748 14.5 0.0117 3.0 0.21 75.3 2.2 73.3 10.2 7.5 343.0 75.3 2.2 1010.0 
CHA108-38 174 1860 1.6 16.1403 20.1 0.0542 20.6 0.0063 4.4 0.22 40.8 1.8 53.6 10.7 672.6 433.4 40.8 1.8 6.1 

CHA108-40 326 
5219

1 2.2 20.1578 9.0 0.1352 9.1 0.0198 1.0 0.11 
126.

2 1.2 128.8 11.0 176.7 211.3 126.2 1.2 71.4 

CHA108-41 40 
6519

3 0.6 7.2521 1.1 7.7152 1.4 0.4058 0.8 0.56 
2195

.7 14.3 2198.4 12.3 2200.9 19.6 2200.9 19.6 99.8 

CHA108-42 517 
2145

9 1.0 19.9315 12.1 0.0458 12.2 0.0066 1.3 0.11 42.5 0.6 45.4 5.4 203.0 281.7 42.5 0.6 20.9 

CHA108-43 226 
1066

2 1.0 25.9515 38.1 0.0442 38.1 0.0083 1.4 0.04 53.4 0.7 43.9 16.4 -448.3 1035.1 53.4 0.7 -11.9 
CHA108-44 323 9957 1.4 20.1153 5.2 0.0837 5.6 0.0122 1.9 0.34 78.2 1.5 81.6 4.4 181.6 121.9 78.2 1.5 43.1 

CHA108-45 351 
1539

9 1.7 20.9503 3.7 0.1068 3.9 0.0162 1.3 0.32 
103.

8 1.3 103.0 3.8 86.0 86.6 103.8 1.3 120.6 

CHA108-46 245 
1580

1 1.3 21.7929 9.2 0.1077 9.3 0.0170 0.7 0.08 
108.

8 0.8 103.9 9.2 -8.3 223.6 108.8 0.8 -1308.6 

CHA108-47 765 
2448

3 1.4 20.9381 3.9 0.1008 4.0 0.0153 1.1 0.27 97.9 1.1 97.5 3.7 87.4 91.9 97.9 1.1 112.0 

CHA108-48 390 
2110

5 1.1 20.7371 7.2 0.1150 7.3 0.0173 1.1 0.15 
110.

5 1.2 110.5 7.6 110.2 169.8 110.5 1.2 100.3 

CHA108-49 27 
1826

7 0.9 12.9101 3.2 2.0935 3.7 0.1960 1.7 0.47 
1153

.9 18.2 1146.7 25.2 1133.0 64.5 1133.0 64.5 101.8 

CHA108-50 284 
1414

77 0.9 8.2682 2.0 5.9769 2.2 0.3584 1.0 0.45 
1974

.7 16.8 1972.5 19.0 1970.2 34.8 1970.2 34.8 100.2 
CHA108-51 226 8274 1.4 23.0012 10.8 0.0749 10.8 0.0125 0.6 0.05 80.1 0.4 73.4 7.6 -140.3 267.9 80.1 0.4 -57.1 

CHA108A-51 66 
3595

2 1.6 13.4566 2.4 1.8336 2.9 0.1790 1.7 0.56 
1061

.3 16.2 1057.6 19.3 1050.0 48.9 1050.0 48.9 101.1 

CHA108A-52 1067 
3441

8 4.0 21.7010 4.8 0.0461 5.0 0.0073 1.5 0.29 46.7 0.7 45.8 2.2 1.8 114.9 46.7 0.7 2553.4 
CHA108A-53 285 4950 0.8 23.4440 11.0 0.0716 11.5 0.0122 3.3 0.28 78.0 2.5 70.2 7.8 -187.7 276.5 78.0 2.5 -41.5 

CHA108A-54 458 
1766

2 1.1 20.6649 6.2 0.1069 6.4 0.0160 1.4 0.22 
102.

5 1.5 103.1 6.3 118.4 147.3 102.5 1.5 86.5 
CHA108A-55 64 2192 1.2 18.5805 53.6 0.0824 53.8 0.0111 4.0 0.07 71.2 2.9 80.4 41.6 363.5 1300.4 71.2 2.9 19.6 
CHA108A-56 535 5014 0.9 22.6972 10.4 0.0482 10.4 0.0079 0.7 0.07 51.0 0.4 47.8 4.9 -107.4 256.3 51.0 0.4 -47.5 

CHA108A-57 55 
1321

6 1.6 13.8926 3.4 1.6929 4.0 0.1706 2.1 0.52 
1015

.3 19.4 1005.8 25.2 985.4 68.5 985.4 68.5 103.0 

CHA108A-58 174 
1235

14 1.2 5.5958 1.8 
12.182

3 1.9 0.4944 0.6 0.32 
2589

.7 13.2 2618.5 18.0 2640.9 30.2 2640.9 30.2 98.1 

CHA108A-59 837 
2756

0 1.4 20.8386 5.0 0.1028 5.4 0.0155 2.1 0.38 99.4 2.0 99.4 5.1 98.7 118.9 99.4 2.0 100.7 

CHA108A-60 553 
1347

4 1.9 20.6559 2.7 0.1001 2.9 0.0150 1.1 0.39 95.9 1.1 96.9 2.7 119.5 62.8 95.9 1.1 80.3 

CHA108A-61 449 
2503

94 3.2 5.0708 1.1 
14.715

7 2.5 0.5412 2.3 0.91 
2788

.5 51.8 2797.0 24.0 2803.2 17.5 2803.2 17.5 99.5 

CHA108A-62 482 
1486

4 2.6 21.7761 4.7 0.0984 4.7 0.0155 0.5 0.11 99.4 0.5 95.3 4.3 -6.5 112.8 99.4 0.5 -1539.5 
CHA108A-63 244 2852 1.5 26.1619 19.7 0.0339 19.7 0.0064 1.2 0.06 41.3 0.5 33.8 6.6 -469.7 525.4 41.3 0.5 -8.8 
CHA108A-64 262 5160 1.6 27.3290 48.5 0.0287 48.6 0.0057 3.0 0.06 36.5 1.1 28.7 13.8 -586.5 1385.8 36.5 1.1 -6.2 
CHA108A-66 508 3455 2.1 20.1379 9.3 0.1058 9.4 0.0155 1.3 0.14 98.9 1.3 102.2 9.1 179.0 217.3 98.9 1.3 55.3 
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0 

CHA108A-67 364 
2132

6 1.1 20.8920 6.9 0.1084 7.0 0.0164 1.4 0.19 
105.

0 1.4 104.5 7.0 92.6 163.9 105.0 1.4 113.4 

CHA108A-68 169 
9382

0 1.8 8.5944 2.0 5.1745 4.2 0.3225 3.7 0.88 
1802

.1 58.3 1848.4 35.7 1900.9 35.2 1900.9 35.2 94.8 

CHA108A-69 317 8332 1.3 22.7342 9.9 0.0994 10.2 0.0164 2.6 0.25 
104.

8 2.7 96.2 9.4 -111.4 244.1 104.8 2.7 -94.0 

CHA108A-71 983 
2035

6 0.9 21.0625 2.1 0.1004 2.8 0.0153 1.8 0.66 98.1 1.8 97.1 2.6 73.3 49.5 98.1 1.8 133.8 

CHA108A-72 304 
7488

4 1.7 21.9962 9.5 0.1100 9.5 0.0175 1.2 0.13 
112.

1 1.3 105.9 9.6 -30.8 229.6 112.1 1.3 -364.1 
CHA108A-73 164 1768 0.4 36.8702 45.2 0.0225 45.3 0.0060 1.8 0.04 38.6 0.7 22.6 10.1 -1480.3 1561.1 38.6 0.7 -2.6 
CHA108A-74 369 9102 2.6 19.9838 11.0 0.0450 11.0 0.0065 1.1 0.10 41.9 0.5 44.7 4.8 196.9 256.0 41.9 0.5 21.3 

CHA108A-75 7879 
3004

8 2.0 21.1519 2.0 0.0427 2.4 0.0065 1.3 0.53 42.1 0.5 42.4 1.0 63.2 48.3 42.1 0.5 66.6 

CHA108A-76 368 
4312

2 2.5 20.7087 9.3 0.1134 9.4 0.0170 1.4 0.15 
108.

9 1.5 109.1 9.7 113.4 219.5 108.9 1.5 96.0 

CHA108A-77 441 
1046

4 1.6 20.2779 8.0 0.1028 8.3 0.0151 2.0 0.24 96.7 1.9 99.3 7.8 162.8 188.0 96.7 1.9 59.4 
CHA108A-78 186 8480 1.0 20.8357 16.0 0.0793 16.2 0.0120 2.5 0.15 76.8 1.9 77.5 12.1 99.0 380.0 76.8 1.9 77.5 

CHA108A-79 593 
1536

0 1.2 21.4999 3.8 0.0982 3.9 0.0153 0.8 0.20 98.0 0.7 95.2 3.5 24.3 90.6 98.0 0.7 404.0 
CHA108A-80 152 3702 1.0 17.7810 26.4 0.0923 26.6 0.0119 3.2 0.12 76.2 2.4 89.6 22.8 461.8 595.5 76.2 2.4 16.5 
CHA108A-81 638 4562 1.0 23.3787 10.4 0.0483 10.5 0.0082 1.7 0.16 52.6 0.9 47.9 4.9 -180.7 259.6 52.6 0.9 -29.1 

CHA108A-82 353 
7584

8 2.2 5.3288 1.0 
10.335

4 4.0 0.3994 3.9 0.97 
2166

.5 71.2 2465.3 37.1 2721.7 17.0 2721.7 17.0 79.6 
CHA108A-83 311 8966 2.5 20.4259 13.3 0.0787 13.3 0.0117 1.2 0.09 74.7 0.9 76.9 9.9 145.8 312.3 74.7 0.9 51.2 

CHA108A-84 567 
1015

2 1.6 20.6067 7.4 0.1090 7.4 0.0163 0.5 0.07 
104.

2 0.5 105.0 7.4 125.1 174.0 104.2 0.5 83.3 

CHA108A-86 674 
8681

36 3.9 6.3450 1.4 9.0405 1.6 0.4160 0.9 0.54
2242

.4 16.7 2342.1 14.9 2430.1 23.2 2430.1 23.2 92.3 
CHA108A-87 8264 7974 0.8 21.0803 3.2 0.0444 5.8 0.0068 4.9 0.84 43.6 2.1 44.1 2.5 71.3 75.1 43.6 2.1 61.2 
CHA108A-88 586 1575

6 
1.7 21.2776 3.6 0.0987 4.9 0.0152 3.3 0.67 97.5 3.2 95.6 4.5 49.1 87.1 97.5 3.2 198.5 

CHA108A-89 462 1295
68 

1.6 8.4673 1.8 5.6985 2.3 0.3499 1.5 0.64 1934
.3 

24.4 1931.1 19.8 1927.7 31.7 1927.7 31.7 100.3 

CHA108A-90 409 6790 1.5 25.9365 21.2 0.0360 21.2 0.0068 0.7 0.03 43.4 0.3 35.9 7.5 -446.8 562.2 43.4 0.3 -9.7 
CHA108A-91 435 1266

432 
2.3 8.5207 1.5 5.6685 2.5 0.3503 1.9 0.79 1936

.0 
32.4 1926.6 21.3 1916.4 27.4 1916.4 27.4 101.0 

CHA108A-92 571 5330 1.1 24.0270 12.4 0.0340 12.6 0.0059 2.2 0.18 38.0 0.8 33.9 4.2 -249.5 313.6 38.0 0.8 -15.2 
CHA108A-93 476 7272 1.1 21.7746 5.6 0.1026 5.7 0.0162 1.0 0.17 103.

6 
1.0 99.2 5.4 -6.3 135.2 103.6 1.0 -1645.6 

CHA108A-94 128 6848
2 

0.7 9.0020 1.8 4.9871 1.9 0.3256 0.7 0.36 1817
.0 

10.9 1817.1 16.4 1817.2 32.9 1817.2 32.9 100.0 

CHA108A-95 188 6756 1.5 27.7802 102.
5 

0.0310 102.
5 

0.0062 2.4 0.02 40.1 1.0 31.0 31.3 -631.1 1594.8 40.1 1.0 -6.4 

CHA108A-96 480 2204
8 

1.6 22.0201 11.7 0.0963 11.8 0.0154 1.7 0.14 98.4 1.6 93.4 10.6 -33.4 285.3 98.4 1.6 -294.4 

CHA108A-97 738 7478
6 

1.1 19.4942 2.6 0.2802 2.8 0.0396 1.1 0.40 250.
4 

2.8 250.8 6.3 254.2 59.4 250.4 2.8 98.5 

CHA108A-98 414 1469
4 

0.9 21.1270 7.1 0.1060 7.3 0.0162 1.4 0.19 103.
8 

1.4 102.3 7.1 66.1 169.8 103.8 1.4 157.2 

CHA108A-100 406 8096 1.0 20.6138 10.9 0.0809 10.9 0.0121 1.0 0.10 77.5 0.8 79.0 8.3 124.2 257.0 77.5 0.8 62.4 
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APPENDIX B.8.  LA-ICP-MS DATA FOR MR209 
Analysis 

U 
206
Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 

206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 

204
Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

MR2-1 54 
3279

8 0.9 13.3741 4.4 1.8787 4.8 0.1822 1.9 0.39 
1079

.2 18.4 1073.6 31.7 1062.4 88.6 1062.4 88.6 101.6 

MR2-2 100 
1913

23 0.7 9.4589 1.4 4.6362 3.5 0.3181 3.2 0.92 
1780

.2 50.5 1755.8 29.6 1726.9 25.6 1726.9 25.6 103.1 

MR2-3 322 
3775

8 2.3 18.8188 10.8 0.0885 12.5 0.0121 6.3 0.50 77.4 4.8 86.1 10.3 334.7 245.9 77.4 4.8 NA 

MR2-4 1708 
1042

51 2.2 20.7890 2.7 0.0965 3.5 0.0145 2.3 0.64 93.1 2.1 93.5 3.2 104.3 64.2 93.1 2.1 NA 

MR2-5 44 
3532

3 1.8 14.0758 3.7 1.6229 5.7 0.1657 4.4 0.76 
988.

3 40.0 979.1 35.9 958.7 75.3 988.3 40.0 103.1 

MR2-6 261 
1047

0 2.3 21.2304 17.1 0.0734 17.7 0.0113 4.6 0.26 72.5 3.3 71.9 12.3 54.4 409.5 72.5 3.3 NA 

MR2-7 402 
7797

7 9.0 20.1528 7.5 0.1081 7.9 0.0158 2.5 0.32 
101.

1 2.5 104.2 7.8 177.3 175.2 101.1 2.5 NA 
MR2-8 175 7603 2.5 31.1886 35.7 0.0539 36.1 0.0122 5.2 0.14 78.2 4.1 53.3 18.8 -959.1 1076.9 78.2 4.1 NA 

MR2-9 144 
4223

79 1.8 13.9619 1.8 1.6153 2.8 0.1636 2.1 0.76 
976.

6 19.1 976.2 17.4 975.3 36.8 976.6 19.1 100.1 

MR2-10 526 
1379

81 2.0 13.2226 0.5 1.9923 2.5 0.1911 2.4 0.98 
1127

.1 25.1 1112.9 16.7 1085.2 9.9 1085.2 9.9 103.9 

MR2-12 208 
1019

55 3.0 13.5177 1.0 1.8474 3.2 0.1811 3.0 0.95 
1073

.1 29.8 1062.5 21.0 1040.8 20.8 1040.8 20.8 103.1 
MR2-13 153 3970 2.5 13.1079 42.4 0.0540 43.5 0.0051 9.5 0.22 33.0 3.1 53.4 22.6 1102.7 889.0 33.0 3.1 3.0 

MR2-14 215 
3002

10 3.1 9.4856 0.5 4.6862 2.6 0.3224 2.6 0.98 
1801

.4 40.4 1764.8 21.9 1721.7 9.2 1721.7 9.2 104.6 

MR2-15 407 
1495

5 1.6 20.4232 21.9 0.0416 22.1 0.0062 3.2 0.14 39.6 1.3 41.4 9.0 146.1 518.0 39.6 1.3 NA 
MR2-16 272 6903 2.0 24.0159 34.5 0.0337 35.1 0.0059 6.8 0.19 37.7 2.6 33.7 11.6 -248.3 894.6 37.7 2.6 NA 

MR2-17 414 
1667

8 2.2 22.3756 23.1 0.0399 23.1 0.0065 1.5 0.06 41.6 0.6 39.7 9.0 -72.4 569.8 41.6 0.6 NA 

MR2-20 250 
1789

3 1.2 20.2570 10.0 0.0987 11.2 0.0145 5.2 0.46 92.8 4.8 95.5 10.2 165.2 233.1 92.8 4.8 NA 

MR2-21 2297 
4136

5 1.5 21.6347 4.6 0.0395 4.8 0.0062 1.4 0.29 39.8 0.6 39.3 1.9 9.2 110.9 39.8 0.6 NA 

MR2-22 342 
2325

8 1.7 23.8071 16.2 0.0678 16.5 0.0117 3.2 0.19 75.1 2.4 66.7 10.7 -226.3 410.5 75.1 2.4 NA 
MR2-23 354 2986 2.5 20.7851 20.0 0.0779 20.7 0.0117 5.3 0.25 75.2 3.9 76.1 15.2 104.8 476.3 75.2 3.9 NA 

MR2-24 936 
3088

2 1.9 21.1295 4.4 0.0963 4.9 0.0148 2.0 0.41 94.5 1.9 93.4 4.3 65.8 105.6 94.5 1.9 NA 

MR2-25 160 
1857

09 2.2 12.5931 1.1 2.0942 2.4 0.1913 2.2 0.90 
1128

.3 22.7 1146.9 16.8 1182.4 21.0 1182.4 21.0 95.4 

MR2-26 163 
2073

08 1.6 12.5613 0.7 2.2695 2.9 0.2068 2.8 0.97 
1211

.5 31.2 1202.9 20.5 1187.4 13.6 1187.4 13.6 102.0 

MR2-28 469 
1981

4 1.8 20.6327 5.6 0.0960 5.9 0.0144 1.8 0.31 92.0 1.7 93.1 5.3 122.1 132.4 92.0 1.7 NA 

MR2-29 351 
2362

3 1.8 22.1723 5.6 0.0823 10.8 0.0132 9.3 0.85 84.8 7.8 80.3 8.4 -50.2 137.2 84.8 7.8 NA 

MR2-32 954 
1051

67 2.1 21.4161 4.0 0.0917 8.9 0.0142 7.9 0.89 91.2 7.2 89.1 7.6 33.6 96.0 91.2 7.2 NA 

MR2-33 257 
1141

0 1.8 24.3405 17.9 0.0670 18.6 0.0118 5.1 0.27 75.8 3.8 65.9 11.8 -282.4 458.0 75.8 3.8 NA 
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MR2-34 55 
1102

56 1.7 8.9103 1.0 5.2322 2.5 0.3381 2.3 0.91 
1877

.6 37.3 1857.9 21.4 1835.8 18.3 1835.8 18.3 102.3 

MR2-35 317 
5187

41 2.8 9.3938 0.5 4.5535 2.1 0.3102 2.0 0.97 
1741

.8 30.5 1740.8 17.2 1739.5 9.5 1739.5 9.5 100.1 
MR2-36 116 9004 2.0 18.7157 25.5 0.0876 26.5 0.0119 7.1 0.27 76.2 5.4 85.3 21.7 347.1 585.3 76.2 5.4 NA 

MR2-37 469 
2470

9 2.8 20.3288 6.8 0.0999 7.9 0.0147 4.0 0.50 94.3 3.7 96.7 7.3 156.9 159.6 94.3 3.7 NA 

MR2-38 569 
1217

003 2.1 8.0108 0.3 6.4356 1.3 0.3739 1.2 0.98 
2047

.8 21.9 2037.1 11.2 2026.4 4.7 2026.4 4.7 101.1 

MR2-39 471 
5611

73 20.7 5.5896 0.2 
10.125

8 8.3 0.4105 8.3 1.00 
2217

.2 
156.

3 2446.3 77.1 2642.7 4.1 2642.7 4.1 83.9 

MR2-40 651 
3398

7 2.3 20.6477 5.8 0.0949 7.0 0.0142 4.0 0.57 91.0 3.6 92.1 6.2 120.4 136.3 91.0 3.6 NA 

MR2-41 609 
3439

6 1.5 19.7284 5.7 0.0813 6.1 0.0116 2.2 0.36 74.6 1.6 79.4 4.7 226.7 131.5 74.6 1.6 NA 

MR2-42 32 
2833

9 2.4 12.9116 5.0 2.0226 5.4 0.1894 2.0 0.38 
1118

.2 20.7 1123.1 36.4 1132.8 98.8 1132.8 98.8 98.7 
MR2-44 716 5080 1.2 20.5900 15.5 0.0429 15.7 0.0064 2.6 0.17 41.1 1.1 42.6 6.5 127.0 366.0 41.1 1.1 NA 

MR2-45 294 
1110

4 1.1 20.9368 17.1 0.0727 17.4 0.0110 3.6 0.21 70.7 2.6 71.2 12.0 87.6 406.8 70.7 2.6 NA 

MR2-47 919 
1047

53 2.4 21.3393 5.9 0.0900 6.3 0.0139 2.0 0.32 89.2 1.8 87.5 5.2 42.2 141.9 89.2 1.8 NA 

MR2-49 416 
1076

3 2.8 23.9085 16.4 0.0363 19.2 0.0063 9.9 0.52 40.4 4.0 36.2 6.8 -237.0 416.9 40.4 4.0 NA 

MR2-52 394 
2837

9 2.6 22.3026 8.6 0.0943 9.3 0.0153 3.5 0.38 97.6 3.4 91.5 8.2 -64.4 211.2 97.6 3.4 NA 

MR2-54 69 
1526

25 2.3 9.3905 1.3 4.5318 2.8 0.3086 2.4 0.88 
1734

.0 37.2 1736.8 23.1 1740.2 24.0 1740.2 24.0 99.6 

MR2-55 53 
1146

83 1.0 8.8619 0.9 5.0823 1.5 0.3267 1.2 0.80 
1822

.1 18.6 1833.2 12.5 1845.7 16.2 1845.7 16.2 98.7 

MR2-56 169 
1604

0 1.3 25.6671 34.1 0.0758 35.0 0.0141 7.6 0.22 90.3 6.8 74.2 25.0 -419.4 915.5 90.3 6.8 NA 

MR2-57 197 
3795

75 1.8 9.5408 0.3 4.4476 1.9 0.3078 1.9 0.99 
1729

.7 28.4 1721.2 15.7 1711.0 5.6 1711.0 5.6 101.1 

MR2-58 392 
7889

1 1.4 6.2842 0.2 8.4400 4.7 0.3847 4.7 1.00 
2098

.1 84.1 2279.5 42.7 2446.4 2.7 2446.4 2.7 85.8 

MR2-59 254 
4572

32 0.9 9.8814 0.4 4.1746 2.3 0.2992 2.3 0.99 
1687

.2 33.9 1669.0 18.9 1646.2 6.6 1646.2 6.6 102.5 

MR2-60 250 
1017

71 0.9 18.1169 2.7 0.4949 5.4 0.0650 4.7 0.87 
406.

1 18.6 408.2 18.3 420.2 60.8 406.1 18.6 NA 

MR2-61 234 
1033

7 1.7 19.6383 
101.

3 0.0431 
101.

5 0.0061 6.5 0.06 39.4 2.5 42.8 42.6 237.3 858.7 39.4 2.5 NA 

MR2-62 363 
1353

28 2.1 10.4424 0.4 3.4434 2.7 0.2608 2.6 0.99 
1493

.9 35.3 1514.4 21.0 1543.1 7.0 1543.1 7.0 96.8 

MR2-63 42 
1445

24 1.2 4.6757 0.6 
16.559

6 1.8 0.5616 1.7 0.94 
2873

.1 39.2 2909.7 17.3 2935.1 10.1 2935.1 10.1 97.9 

MR2-64 103 
8006

7 3.2 17.3300 6.9 0.6216 7.2 0.0781 1.8 0.25 
485.

0 8.2 490.9 27.9 518.5 152.4 485.0 8.2 93.5 

MR2-65 85 
1198

51 1.1 8.5052 0.9 5.7530 2.7 0.3549 2.6 0.94 
1957

.8 43.4 1939.4 23.6 1919.7 16.1 1919.7 16.1 102.0 

MR2-66 258 
3076

4 0.9 19.6010 14.8 0.0766 15.7 0.0109 5.3 0.34 69.8 3.7 74.9 11.3 241.7 341.8 69.8 3.7 NA 

MR2-67 200 
4428

00 0.9 8.2927 0.4 5.9204 2.2 0.3561 2.1 0.98 
1963

.5 36.1 1964.2 18.9 1964.9 7.7 1964.9 7.7 99.9 

MR2-68 54 
1684

17 1.5 7.8029 0.9 6.8548 3.2 0.3879 3.1 0.96 
2113

.2 55.6 2092.8 28.6 2072.8 16.5 2072.8 16.5 101.9 

MR2-70 506 
2509

1 1.4 20.7396 4.7 0.1009 6.9 0.0152 5.0 0.73 97.1 4.8 97.6 6.4 109.9 112.1 97.1 4.8 NA 
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MR2-71 276 
3759

1 2.2 20.9254 27.7 0.0927 28.4 0.0141 6.3 0.22 90.1 5.6 90.0 24.5 88.9 668.6 90.1 5.6 NA 

MR2-72 617 
1002

759 3.3 6.3208 0.3 9.3429 4.3 0.4283 4.3 1.00 
2298

.1 83.8 2372.2 39.9 2436.6 5.5 2436.6 5.5 94.3 

MR2-73 118 
3121

11 2.4 8.4903 0.4 5.6933 1.2 0.3506 1.2 0.93 
1937

.4 19.2 1930.4 10.6 1922.8 7.9 1922.8 7.9 100.8 
MR2-74 106 9608 1.4 20.4285 18.5 0.0964 20.3 0.0143 8.3 0.41 91.5 7.6 93.5 18.1 145.5 437.7 91.5 7.6 NA 

MR2-75 286 
4885

6 1.3 24.8675 21.1 0.0773 21.6 0.0139 4.8 0.22 89.3 4.2 75.6 15.8 -337.2 547.8 89.3 4.2 NA 

MR2-76 68 
6804

2 2.4 8.2213 1.1 6.0096 1.6 0.3583 1.2 0.72 
1974

.2 19.6 1977.2 13.9 1980.3 19.7 1980.3 19.7 99.7 

MR2-77 541 
3180

5 1.7 19.6088 6.2 0.1055 6.7 0.0150 2.7 0.40 96.0 2.6 101.9 6.5 240.7 142.1 96.0 2.6 NA 

MR2-78 155 
3065

22 1.5 9.1192 3.9 4.4669 4.9 0.2954 2.9 0.59 
1668

.7 42.6 1724.9 40.7 1793.7 71.9 1793.7 71.9 93.0 

MR2-79 219 
2500

98 2.1 7.7212 3.7 6.0684 5.1 0.3398 3.5 0.69 
1885

.8 57.0 1985.7 44.2 2091.4 64.8 2091.4 64.8 90.2 

MR2-80 183 
1885

41 1.9 13.3472 1.8 1.9019 2.9 0.1841 2.3 0.77 
1089

.4 22.6 1081.8 19.4 1066.4 37.2 1066.4 37.2 102.2 

MR2-81 206 
2854

16 6.6 8.7020 1.0 5.2801 8.1 0.3332 8.1 0.99 
1854

.1 
130.

2 1865.6 69.6 1878.5 17.2 1878.5 17.2 98.7 

MR2-82 48 
4528

11 3.5 3.7446 0.6 
22.022

5 6.7 0.5981 6.6 1.00 
3022

.2 
160.

1 3184.7 64.8 3288.8 9.1 3288.8 9.1 91.9 

MR2-85 267 
3927

7 1.4 21.6358 7.9 0.1629 9.2 0.0256 4.7 0.51 
162.

7 7.6 153.2 13.1 9.1 189.5 162.7 7.6 NA 

MR2-86 189 
3159

21 2.2 8.1547 0.3 6.2008 2.7 0.3667 2.7 0.99 
2014

.0 46.4 2004.6 23.6 1994.8 5.5 1994.8 5.5 101.0 

MR2-88 19 
3491

2 0.3 5.5532 1.5 
12.710

6 2.4 0.5119 1.9 0.80 
2664

.9 42.5 2658.4 23.0 2653.6 24.5 2653.6 24.5 100.4 

MR2-89 254 
1287

5 1.6 22.7639 15.1 0.0871 16.2 0.0144 6.0 0.37 92.0 5.5 84.8 13.2 -114.6 373.3 92.0 5.5 NA 

MR2-91 107 
7665

3 1.5 12.8900 1.6 2.0430 2.1 0.1910 1.4 0.65 
1126

.7 14.3 1130.0 14.4 1136.1 31.9 1136.1 31.9 99.2 
MR2-92 345 8870 1.7 30.7659 51.3 0.0258 51.4 0.0058 3.6 0.07 37.0 1.3 25.9 13.1 -919.2 1579.9 37.0 1.3 NA 

MR2-93 100 
8606

1 2.8 11.3158 0.8 2.9949 1.2 0.2458 0.9 0.77 
1416

.8 11.8 1406.3 9.2 1390.6 14.9 1390.6 14.9 101.9 

MR2-94 282 
7209

55 15.6 9.4523 0.8 4.3427 3.5 0.2977 3.4 0.97 
1680

.0 49.7 1701.5 28.5 1728.2 14.7 1728.2 14.7 97.2 

MR2-95 10 
3346

9 0.5 5.6423 2.6 
12.257

0 6.0 0.5016 5.4 0.90 
2620

.6 
117.

2 2624.3 56.6 2627.1 42.7 2627.1 42.7 99.7 

MR2-96 39 
1064

54 0.5 5.3698 0.7 
13.367

2 2.2 0.5206 2.1 0.94 
2701

.7 45.4 2705.9 20.6 2709.1 12.0 2709.1 12.0 99.7 

MR2-97 214 
3888

09 1.0 8.4756 0.4 5.7271 2.3 0.3521 2.3 0.98 
1944

.4 38.3 1935.5 20.1 1925.9 8.1 1925.9 8.1 101.0 

MR2-98 994 
8139

44 4.3 6.3064 0.2 9.2965 1.2 0.4252 1.2 0.99 
2284

.1 23.8 2367.7 11.4 2440.4 2.6 2440.4 2.6 93.6 
MR2-99 190 4744 3.2 17.0108 25.5 0.0481 26.2 0.0059 6.0 0.23 38.2 2.3 47.7 12.2 559.2 563.4 38.2 2.3 NA 

MR2-100 130 
1615

41 2.8 11.5331 0.9 2.7855 1.5 0.2330 1.3 0.83 
1350

.2 15.4 1351.7 11.4 1354.0 16.4 1354.0 16.4 99.7 
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APPENDIX B.9.  LA-ICP-MS DATA FOR CLA708 
Analysis 

U 206Pb U/Th 206Pb* ± 207Pb* ± 206Pb* ± error 
206
Pb* ± 207Pb* ± 206Pb* ± 

Best 
age ± Conc 

  
(ppm) 204Pb   207Pb* (%) 235U* (%) 238U (%) corr. 

238
U* (Ma) 235U (Ma) 207Pb* (Ma) (Ma) (Ma) (%) 

CLA708-1 743 13548 1.2 21.4997 4.0 0.0789 4.6 0.0123 2.3 0.49 78.9 1.8 77.2 3.4 24.3 96.1 78.9 1.8 325.0 
CLA708-2 222 8478 1.0 20.7584 9.6 0.0837 9.6 0.0126 1.0 0.10 80.8 0.8 81.6 7.6 107.8 227.1 80.8 0.8 74.9 
CLA708-3 249 2538 0.9 15.1262 27.0 0.1147 27.0 0.0126 0.9 0.03 80.6 0.7 110.3 28.2 809.9 574.8 80.6 0.7 10.0 
CLA708-4 135 5958 0.9 18.2602 20.4 0.0977 20.4 0.0129 1.6 0.08 82.8 1.3 94.6 18.5 402.6 460.5 82.8 1.3 20.6 
CLA708-5 213 6399 0.8 23.5567 18.3 0.0721 18.4 0.0123 2.2 0.12 79.0 1.7 70.7 12.6 -199.7 460.7 79.0 1.7 -39.5 
CLA708-6 262 7098 0.8 20.7840 8.8 0.0863 8.8 0.0130 0.8 0.09 83.3 0.7 84.1 7.1 104.9 208.2 83.3 0.7 79.5 
CLA708-7 140 4038 1.1 16.1134 26.4 0.1045 26.6 0.0122 3.3 0.12 78.3 2.5 100.9 25.5 676.2 572.9 78.3 2.5 11.6 
CLA708-8 119 2667 0.9 25.6768 74.0 0.0619 74.0 0.0115 3.7 0.05 73.9 2.7 61.0 43.9 -420.4 2254.6 73.9 2.7 -17.6 
CLA708-9 271 9504 1.0 21.9919 21.8 0.0758 21.8 0.0121 1.3 0.06 77.5 1.0 74.2 15.6 -30.3 533.9 77.5 1.0 -255.7 
CLA708-10 191 5055 1.0 21.2667 13.8 0.0793 13.9 0.0122 1.5 0.11 78.4 1.2 77.5 10.4 50.3 331.4 78.4 1.2 155.7 
CLA708-11 283 8763 1.0 20.7843 6.4 0.0806 6.8 0.0122 2.3 0.34 77.9 1.8 78.7 5.1 104.8 150.9 77.9 1.8 74.3 
CLA708-12 269 7143 0.9 19.6990 15.5 0.0900 15.5 0.0129 1.3 0.08 82.4 1.1 87.5 13.0 230.1 359.6 82.4 1.1 35.8 
CLA708-13 547 14394 0.7 20.6074 6.7 0.0836 6.7 0.0125 0.9 0.13 80.0 0.7 81.5 5.3 125.0 157.3 80.0 0.7 64.0 
CLA708-14 94 1080 1.0 20.5909 26.5 0.0764 28.2 0.0114 9.6 0.34 73.2 7.0 74.8 20.3 126.9 633.5 73.2 7.0 57.7 
CLA708-15 127 4458 1.0 19.1802 11.6 0.0846 12.3 0.0118 4.1 0.33 75.4 3.1 82.5 9.8 291.5 266.4 75.4 3.1 25.9 

CLA708-16 130 6321 1.1 21.1354 
542.

8 0.0842 
542.

8 0.0129 3.5 0.01 82.7 2.9 82.1 
456.

7 65.1 0.0 82.7 2.9 127.1 
CLA708-17 228 6183 0.8 19.0734 13.2 0.0910 13.6 0.0126 3.1 0.23 80.7 2.5 88.5 11.5 304.2 301.7 80.7 2.5 26.5 
CLA708-18 525 11043 0.7 21.1570 5.2 0.0804 5.4 0.0123 1.2 0.23 79.1 1.0 78.5 4.1 62.7 124.7 79.1 1.0 126.2 
CLA708-19 612 13329 0.8 19.5672 8.5 0.0862 8.7 0.0122 1.8 0.20 78.4 1.4 84.0 7.0 245.6 196.1 78.4 1.4 31.9 
CLA708-20 190 6162 0.8 20.9851 30.1 0.0802 30.1 0.0122 1.6 0.05 78.2 1.3 78.3 22.7 82.0 728.3 78.2 1.3 95.3 
CLA708-21 193 4128 1.7 21.1477 16.3 0.0776 16.4 0.0119 2.4 0.14 76.2 1.8 75.8 12.0 63.7 389.3 76.2 1.8 119.6 
CLA708-22 402 8895 0.8 22.5377 9.5 0.0736 9.6 0.0120 0.8 0.09 77.1 0.6 72.1 6.7 -90.1 234.3 77.1 0.6 -85.5 
CLA708-23 223 6678 1.3 19.2513 16.6 0.0857 16.6 0.0120 1.5 0.09 76.7 1.2 83.5 13.3 283.0 381.0 76.7 1.2 27.1 
CLA708-24 186 5271 1.0 20.6404 13.9 0.0763 13.9 0.0114 1.3 0.09 73.2 0.9 74.7 10.0 121.3 327.8 73.2 0.9 60.4 
CLA708-25 475 3087 0.8 17.2155 20.2 0.0969 20.3 0.0121 1.3 0.07 77.5 1.0 93.9 18.2 533.1 447.4 77.5 1.0 14.5 
CLA708-26 141 4947 1.3 24.3065 35.9 0.0675 36.1 0.0119 3.9 0.11 76.3 3.0 66.4 23.2 -278.8 940.2 76.3 3.0 -27.4 
CLA708-27 305 10227 1.0 19.6475 6.7 0.0871 6.8 0.0124 0.7 0.10 79.5 0.5 84.8 5.5 236.2 155.7 79.5 0.5 33.7 
CLA708-28 182 3462 1.7 23.4624 38.1 0.0731 38.1 0.0124 2.5 0.07 79.7 2.0 71.6 26.4 -189.7 982.4 79.7 2.0 -42.0 
CLA708-29 184 5808 1.6 21.0851 24.9 0.0822 25.0 0.0126 0.6 0.02 80.6 0.5 80.2 19.3 70.8 601.4 80.6 0.5 113.8 
CLA708-30 175 8793 1.4 19.8756 30.6 0.0817 30.7 0.0118 2.4 0.08 75.5 1.8 79.8 23.6 209.5 725.5 75.5 1.8 36.1 
CLA708-31 234 7479 1.5 25.0285 18.7 0.0653 18.9 0.0118 2.6 0.14 75.9 2.0 64.2 11.8 -353.9 487.1 75.9 2.0 -21.5 
CLA708-32 354 14619 1.5 19.4193 9.4 0.0911 9.5 0.0128 0.6 0.06 82.2 0.5 88.5 8.0 263.1 217.3 82.2 0.5 31.2 
CLA708-33 165 4899 1.3 29.4383 28.9 0.0547 29.2 0.0117 3.7 0.13 74.9 2.7 54.1 15.4 -792.5 833.3 74.9 2.7 -9.5 
CLA708-34 520 21114 0.9 20.7789 4.6 0.0781 4.9 0.0118 1.6 0.33 75.4 1.2 76.3 3.6 105.4 109.8 75.4 1.2 71.5 
CLA708-35 179 3276 1.4 19.1734 19.0 0.0943 19.0 0.0131 0.9 0.05 84.0 0.7 91.5 16.6 292.2 437.3 84.0 0.7 28.7 
CLA708-37 439 14463 1.5 20.4609 5.0 0.0804 5.1 0.0119 0.9 0.17 76.4 0.6 78.5 3.8 141.8 117.5 76.4 0.6 53.9 
CLA708-38 305 9204 1.1 19.8739 19.3 0.0819 19.5 0.0118 2.8 0.14 75.6 2.1 79.9 15.0 209.6 451.4 75.6 2.1 36.1 
CLA708-39 453 22281 2.0 19.8843 13.1 0.0876 13.2 0.0126 1.4 0.10 80.9 1.1 85.3 10.8 208.5 304.9 80.9 1.1 38.8 
CLA708-40 204 5721 1.4 19.8937 17.1 0.0844 17.4 0.0122 3.0 0.17 78.0 2.3 82.2 13.8 207.4 400.1 78.0 2.3 37.6 
CLA708-41 215 9609 1.2 22.3168 10.8 0.0683 11.6 0.0111 4.2 0.36 70.9 2.9 67.1 7.5 -66.0 264.3 70.9 2.9 -107.4 
CLA708-42 284 19893 1.3 20.1321 12.6 0.0865 12.6 0.0126 1.2 0.09 80.9 0.9 84.3 10.2 179.6 293.7 80.9 0.9 45.1 
CLA708-43 779 23325 0.7 21.2578 4.4 0.0780 4.9 0.0120 2.2 0.45 77.1 1.7 76.3 3.6 51.3 104.5 77.1 1.7 150.2 
CLA708-44 303 14649 1.6 20.7082 12.0 0.0817 12.1 0.0123 0.8 0.06 78.6 0.6 79.7 9.2 113.5 284.7 78.6 0.6 69.3 
CLA708-45 243 12294 1.6 23.3927 21.2 0.0748 21.2 0.0127 0.8 0.04 81.3 0.6 73.2 15.0 -182.2 534.3 81.3 0.6 -44.6 
CLA708-46 386 10449 1.3 21.4566 9.9 0.0799 9.9 0.0124 0.5 0.05 79.7 0.4 78.1 7.5 29.1 238.3 79.7 0.4 274.1 
CLA708-47 221 11463 2.0 16.9855 13.9 0.0991 14.1 0.0122 2.3 0.16 78.2 1.7 95.9 12.9 562.4 304.3 78.2 1.7 13.9 
CLA708-48 274 7602 1.6 19.2221 13.4 0.0869 13.5 0.0121 2.0 0.15 77.6 1.6 84.6 11.0 286.4 307.4 77.6 1.6 27.1 
CLA708-49 147 8532 1.4 18.7887 20.4 0.0958 20.4 0.0131 1.8 0.09 83.6 1.5 92.9 18.1 338.3 465.2 83.6 1.5 24.7 
CLA708-50 1625 38154 3.6 20.4539 1.7 0.0840 1.8 0.0125 0.5 0.28 79.8 0.4 81.9 1.4 142.6 41.0 79.8 0.4 56.0 
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CLA708-52 602 49167 1.8 19.2576 8.6 0.0891 8.7 0.0124 0.7 0.08 79.7 0.6 86.6 7.2 282.2 197.9 79.7 0.6 28.2 
CLA708-53 258 8778 1.6 25.3455 19.3 0.0648 19.7 0.0119 3.7 0.19 76.4 2.8 63.8 12.2 -386.5 506.5 76.4 2.8 -19.8 
CLA708-54 144 4662 1.5 17.6326 22.0 0.0852 22.5 0.0109 4.8 0.21 69.9 3.3 83.1 18.0 480.4 492.1 69.9 3.3 14.5 
CLA708-55 334 7338 1.6 22.3032 5.1 0.0756 5.1 0.0122 0.8 0.16 78.4 0.7 74.0 3.7 -64.5 123.9 78.4 0.7 -121.5 
CLA708-56 239 2100 1.5 15.5835 18.9 0.1073 18.9 0.0121 0.9 0.05 77.7 0.7 103.5 18.6 747.2 403.1 77.7 0.7 10.4 
CLA708-57 177 6093 1.5 16.7246 19.6 0.1011 19.7 0.0123 1.9 0.10 78.5 1.5 97.7 18.3 596.0 428.0 78.5 1.5 13.2 
CLA708-58 146 8232 1.6 28.6137 66.6 0.0538 66.6 0.0112 1.4 0.02 71.5 1.0 53.2 34.5 -712.7 2069.9 71.5 1.0 -10.0 
CLA708-59 161 6477 1.7 19.3117 28.3 0.0867 28.3 0.0121 1.1 0.04 77.8 0.9 84.4 23.0 275.8 660.6 77.8 0.9 28.2 
CLA708-60 127 4842 1.7 23.8106 81.5 0.0621 81.6 0.0107 3.2 0.04 68.8 2.2 61.2 48.5 -226.6 2536.7 68.8 2.2 -30.3 
CLA708-61 381 11175 1.0 25.8255 23.5 0.0611 23.7 0.0114 3.1 0.13 73.3 2.3 60.2 13.9 -435.6 624.9 73.3 2.3 -16.8 
CLA708-62 246 13317 1.5 22.3608 14.0 0.0753 14.0 0.0122 0.9 0.07 78.3 0.7 73.7 9.9 -70.8 342.3 78.3 0.7 -110.5 
CLA708-63 225 5913 1.7 17.7933 31.2 0.0880 31.4 0.0114 4.1 0.13 72.8 3.0 85.7 25.8 460.3 706.7 72.8 3.0 15.8 
CLA708-64 579 12141 0.9 21.4702 5.9 0.0734 6.0 0.0114 1.0 0.17 73.3 0.7 72.0 4.2 27.6 141.8 73.3 0.7 265.9 
CLA708-65 141 5664 1.7 27.7716 24.2 0.0573 24.4 0.0115 2.3 0.09 74.0 1.7 56.6 13.4 -630.3 671.2 74.0 1.7 -11.7 
CLA708-67 177 5139 1.8 24.7913 44.4 0.0670 44.4 0.0120 2.4 0.05 77.2 1.8 65.8 28.3 -329.3 1191.3 77.2 1.8 -23.4 
CLA708-68 670 20937 3.5 20.4142 6.2 0.0807 6.3 0.0120 0.8 0.13 76.6 0.6 78.8 4.8 147.2 145.8 76.6 0.6 52.1 
CLA708-69 223 6315 1.6 21.5023 19.1 0.0736 19.3 0.0115 2.3 0.12 73.5 1.7 72.1 13.4 24.0 462.5 73.5 1.7 306.5 
CLA708-70 475 6363 1.2 19.3109 17.5 0.0853 17.7 0.0119 2.8 0.16 76.5 2.1 83.1 14.1 275.9 402.9 76.5 2.1 27.7 
CLA708-66 395 21144 1.3 20.0824 14.0 0.0810 14.0 0.0118 0.5 0.04 75.6 0.4 79.1 10.7 185.4 327.8 75.6 0.4 40.8 
CLA708-71 263 10716 1.5 20.2155 12.1 0.0841 12.2 0.0123 1.6 0.13 79.0 1.2 82.0 9.6 170.0 282.5 79.0 1.2 46.5 
CLA708-72 258 9021 1.4 19.1108 13.2 0.0866 13.2 0.0120 0.5 0.04 77.0 0.4 84.4 10.7 299.7 302.7 77.0 0.4 25.7 
CLA708-73 378 73707 1.6 18.9473 11.5 0.0887 11.5 0.0122 1.0 0.08 78.1 0.7 86.3 9.5 319.2 261.5 78.1 0.7 24.5 
CLA708-74 305 11115 1.5 20.2694 11.7 0.0832 11.7 0.0122 1.0 0.08 78.4 0.7 81.2 9.1 163.8 273.8 78.4 0.7 47.9 
CLA708-75 783 35853 2.3 19.4107 5.1 0.0853 5.5 0.0120 2.1 0.39 76.9 1.6 83.1 4.4 264.1 116.3 76.9 1.6 29.1 
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Sample Member NALM age Facies Qm Qp Qt Fp Fk Fm Ft Lv Lm Ls Lt Mus Bio Chl Hbl Other n
Div-2-09a Cabbage Patch Arikareean Alluvial 154 10 164 111 55 0 166 24 2 13 39 7 19 0 1 4 400
McC-12-09 undifferentiated Chadronian Alluvial 131 26 157 138 38 3 179 26 7 18 51 5 8 0 0 2 400
Jeff-6-09 Bone Basin Chadronian Fluvial 153 2 155 135 74 1 209 7 0 1 8 5 14 9 0 1 400
DO-3-09 undifferentiated Duchesnean Fluvial 188 3 191 114 44 0 158 25 2 12 39 0 12 0 0 0 400
Glen-6-09 undifferentiated Uintan Alluvial 145 20 165 4 9 0 13 28 0 190 218 0 1 0 0 4 401

APPENDIX C. THIN SECTION PETROGRAPHY RAW POINT COUNT DATA
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