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INTRODUCTION
This Alaska Division of Geological & Geophysical Surveys (DGGS) Preliminary Interpretive Report 

presents uranium-lead (U-Pb) ages of zircons from 37 igneous and metamorphic samples collected during 
the 2019 field season in support of a 4,800-sq-km (1,860-sq-mi) bedrock geologic map of eastern Interior 
Alaska surrounding Mount Fairplay and the Ladue River drainage (Twelker, 2021A). The area lies north of 
the Alaska Highway and is approximately 65 km (40 mi) east of Tok, Alaska; it runs west from the Alaska-Yu-
kon border to encompass the Taylor Highway (fig. 1). DGGS and U.S. Geological Survey (USGS) staff iden-
tified this area as having underexplored potential to host deposits of critical minerals, including rare earth 
elements (REE), uranium, niobium, zirconium, tin, tungsten, bismuth, and rhenium, as well as conventional 
mineral resources including gold, copper, molybdenum, lead, zinc, and silver. The goal of this U-Pb isotopic 
study is to better understand the Devonian through Paleogene magmatic and tectonic events, which have 
been linked to most of the known mineralization in the Yukon-Tanana Uplands. 

The Mount Fairplay and Ladue River areas are characterized by amphibolite- to greenschist-facies 
metamorphic rocks—the Lake George assemblage, Ladue River unit, and the Klondike assemblage—
which have Mississippian-Devonian and Permian protolith ages (Day and others, 2002; Dusel-Bacon and 
others, 2006; Solie and others, 2014; Wypych and others, 2020; this report). U-Pb zircon geochronology 
results presented in this report show that these assemblages yield zircon crystallization ages consistent 
with previous workers (Dusel-Bacon and others, 2006; Jones and O’Sullivan, 2020; Wypych and others, 
2020). Triassic plutons have previously been reported to be confined to the allochthonous Yukon-Tanana 
terrane (Dusel-Bacon and others, 2015) but were not observed in our field area. However, voluminous 
volcanic and plutonic rocks of varying composition and texture from the mid-Cretaceous (ca. 100–115 
Ma), Late Cretaceous (ca. 65–71 Ma), and Paleogene (ca. 57–58 Ma) magmatic episodes were observed to 
be emplaced in both the Lake George and Ladue River metamorphic units. Alaska DGGS and the USGS 
staff have identified both generations of Cretaceous magmatism as having potential to host deposits of the 
critical minerals mentioned above (Newberry, 2020; Twelker, 2021B). 

The following products are included with this data release: a geochronology summary table, labora-
tory data, a data dictionary, and associated metadata. All components of this data release are available for 
download from the DGGS website: https://doi.org/10.14509/30732.

https://doi.org/10.14509/30732
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ANALYTICAL METHODS
Samples underwent standard zircon extraction procedures at the University of Arizona Laserchron 

Center. All samples were hand-cleaned, disaggregated in a jaw crusher, and pulverized by roller mill. Min-
eral separation was achieved by density contrast using a Wilfley Table and heavy liquids. Dense minerals 
were further subjected to magnetic separation using a Franz LB-1 magnetic barrier separator. Non-mag-
netic minerals were then placed in a hot nitric acid bath for approximately 15 minutes. 

Approximately 50 zircon grains were obtained from the mineral separates of each sample and 
mounted together with appropriate zircon standards (see table 1) on a 1-inch (2.5 cm) round epoxy 
mount. The epoxy mount was then hand-polished and imaged by cathodoluminescence (CL). CL images 
were used to aid in zircon targeting during geochronologic analysis. 

U-Pb geochronology was conducted via laser ablation inductively coupled plasma mass spectrome-
try (LA-ICP-MS) at the University of Arizona Laserchron Center using the methods documented by Geh-
rels and others (2008). 35 zircon grains from each sample were targeted for U-Pb geochronologic analysis. 
Multiple analyses were conducted on some grains with complex internal textures (e.g., inherited cores and 

Figure 1. Map showing 2019 project area with locations of samples used for U-Pb analysis. 
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magmatic overgrowths) revealed by CL imaging. Analysis locations were precleaned using a 30 µm spot 
size set to three cycles. All analyses were performed using a 20 µm spot size set to 110 cycles each, where 
the ablated material would then be carried by helium and/or argon gas to the plasma source. A series of 
standards were run at the beginning and end of each sample session and additionally between every three 
or five sample unknowns. 

Crystallization ages were determined for each sample using a weighted mean of individual zircon 
dates. The analytical uncertainty of crystallization ages is presented at two standard deviations (also writ-
ten as 2-sigma or 2σ), with the final uncertainties consisting of random and systematic uncertainties added 
in quadrature. Uncertainties for the ages reported in table 2 include both analytical and systematic sources 
of uncertainty. We assumed a systematic uncertainty factor following the example of Coutts and others 
(2020), but we used a more conservative value of two percent (206Pb/238U; 2σ; see Horstwood and others, 
2016, and Spencer and others, 2016).

Data were filtered and the optimum age determined based on the following criteria: 1) only dates 
collected from zircon domains interpreted to record the youngest igneous crystallization event in the rock 
(e.g., magmatic overgrowths or grains with well-defined oscillatory zoning) were used, 2) anomalously 
old dates from grains with no obvious internal textural evidence for inheritance were interpreted to be 
xenocrysts and excluded. Even after this filtering, numerous samples yielded a suite of dates that do not 
define a single population (e.g., the mean square of weighted deviates [MSWD] is much greater than 1). 
In these cases, we followed the recommendations of Spencer and others (2016) and used only dates that 
overlapped within 2-sigma of the covaried uncertainty of the Tera-Wasserburg Concordia diagram. 

Further, we attempted to identify Phanerozoic Pb-loss by two methods; 1) We compared U-Pb dates 
with uranium concentration. We interpreted a positive correlation between increasing uranium con-
centration and decreasing U-Pb date to indicate Pb-loss caused by radiogenic crystal lattice damage and 
excluded young dates from our age calculations. 2) When no correlation between U-Pb date and uranium 
concentration was apparent we used kernel density estimation to identify potential Pb-loss in populations 
with a negatively skewed tail (a trail of progressively younger dates) and excluded young dates from our 
calculations. Despite this treatment, some samples still yielded populations that do not conform to a single 
age population. In these cases, the weighted mean age is an approximation of the crystallization age of the 
pluton, and the true age may be either younger or older than the weighted mean owing to unresolvable 
Phanerozoic Pb-loss or inheritance. 

Standard Standard 206Pb/238U 
age (Ma, ± 2σ)

206Pb/207Pb 
age (Ma, ± 2σ) Reference(s)

R33 Braintree Complex 419.3 ± 0.4 422.37 ± 0.36 Black and others (2004); Mattinson (2010)

FC-1 Duluth Complex 1099.5 ± 0.33 1099.0 ± 0.16 Paces and Miller (1993)

SL2 Sri Lanka F 563.2 ± 4.8 Ma 568 ± 16 Ma Gehrels and others (2008)

Table 1. Zircon standards used during the analysis.
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Sample Map 
Unit Lithology Longitude Latitude

238U/206Pb 
best age 

(Ma)

Best 
Age 
error 
(Ma)

MSWD

Paleogene Rocks

19KS100 :fp granite porphyry -141.3235 63.5197 57.1 1.2 1.5

19ET277 :fp rhyolite -141.8030 63.3828 58.6 1.4 1.0

19AW256 :r rhyolite -142.4666 63.4673 58.9 1.4 1.0

Late Cretaceous 
Intrusive Rocks

19RN287 IKpg porphyritic granite -141.8164 63.3791 68.8 1.5 0.9

19WCW037 IKgd granodiorite -141.4382 63.5726 69.3 1.4 1.3

19TJN243 IKgd granodiorite -141.8155 63.3848 71.4 1.4 2.1

19RN282 IKgd granodiorite -141.8037 63.3836 72.1 1.6 1.1

19RN359 IKfd felsic dike -142.2587 63.6871 70.5 1.6 1.9

Mid-Cretaceous 
Igneous Rocks

19ADW053 Kmd
mafic - intermediate alkalic 

dikes -141.2208 63.2340 100.3 2.2 3.3

19ET054 Kgd granodiorite -141.0479 63.1975 104.2 2.3 1.7

19JEA029 Kgd granodiorite -141.1235 63.2619 107.7 2.3 1.3

19ADW016 Kmi mafic to intermediate dikes -141.0771 63.0578 102.8 2.2 3.3

19ET102 Kmi mafic to intermediate dikes -141.3252 63.5203 110.7 2.5 1.2

19ET288 Kg granite -141.8630 63.3617 106.7 2.3 1.6

19ET146 Kg granite -141.6891 63.4919 107.9 2.4 0.9

19WCW039 Kg granite -141.4154 63.5658 109.1 2.2 12.0

19TJN181 Kg granite -142.1536 63.3958 109.7 2.2 2.9

19RN423 Kg granite -141.8181 63.7192 112.8 2.6 2.6

19AW200 Kgp granite porphyry -142.3554 63.3948 107.2 2.4 2.5

19RN222 Kgp granite porphyry -142.1532 63.3957 109.2 2.4 1.5

19TJN231 Kgp granite porphyry -142.3200 63.5260 111.8 2.2 2.0

19SPR102 Kgp granite porphyry -142.2189 63.6166 115.0 2.5 4.0

19TJN299 Kwff felsic tuff -142.3061 63.7295 107.9 2.2 1.3

19SPR027 Kgb gabbro to diorite -142.1020 63.3172 108.1 2.3 2.7

Klondike 
Assemblage

19ET098 Pks schist -141.1760 63.5173 256.7 5.8 1.0

19ET126 Pks schist -141.0576 63.3351 261.4 5.8 0.9

Ladue River Unit

19WCW048 MDpo
Feldspar-porphyroclastic 

orthogneiss -141.2756 63.2706 359.7 7.2 2.3

19ET158 MDa amphibolite -141.6333 63.3207 361.8 7.4 1.6

19ET045 MDg metagranitoid -141.1283 63.2652 360.7 7.8 4.0

19AW285 MDg metagranitoid -141.9208 63.3916 363.0 7.9 1.7

19WCW067 MDg metagranitoid -141.6044 63.2584 364.9 7.3 1.7

19RN278 MDg metagranitoid -141.7008 63.4027 370.1 8.4 0.9

19SPR004 MDg metagranitoid -142.2953 63.4218 375.7 9.0 1.1

Lake George 
Assemblage

19ADW351C MDag granite orthogneiss -141.7359 63.6588 360.7 8.7 0.8

19SPR174 MDag granite -141.7359 63.6587 367.6 8.4 5.8

19ADW202 MDlo leucogranite -141.8652 63.2561 370.6 8.3 2.7

Parautochthonous 
Jarvis Belt

19ET034 MDmr metarhyolite -141.4573 63.0598 366.8 8.1 2.2

Table 2. Summary of best ages (the weighted-mean age) of analyzed zircon samples. Map units correspond to 
those in Twelker and others (2021) geologic map of the Mount Fairplay–Ladue area.
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SAMPLE DESCRIPTIONS
The following sample descriptions are based on field notes and thin-section petrography as well as 

cathodoluminescence photography for zircon grains. Summary of the weighted-mean ages of analyzed 
zircon samples can be found in table 2. Thin section images can be found in Appendix A where they are 
presented in the same order as the sample descriptions below. Note that plane polarized light (PPL) images 
are on the left and crossed polarized light (XPL) images are on the right.  

Paleogene Rocks
19KS100

Quartz-rich porphyry intrusion from the Pushbush prospect area; tan to orange; massive; por-
phyritic; aphanitic groundmass; grain size: 0.01 to 6 mm; mineralogy: 10 percent quartz (euhedral), 3 
percent feldspar (euhedral), two percent oxides, minor biotite and chlorite, and greater than 80 percent 
groundmass. Quartz is 0.5 to 2 mm, euhedral, partially fractured, and granoblastic texture with feldspar. 
Plagioclase is 0.5 to 2 mm, euhedral, common polysynthetic twins, and sericite replacement. Biotite and 
opaques minor in groundmass, 0.05 to 0.1 mm. Chlorite blades are 0.5 to 1 mm and altered from biotite. 
Rock sample is overall porphyritic with some granophyric textures. The groundmass is altered and some-
what recrystallized. The sample is partially weathered and was collected from subcrop. 

Sample 19KS100 yielded a population of subhedral and elongated, but often broken with missing 
parts, zircon crystals ranging in length between 150–200 μm (fig. 2A). Oscillatory zonation is common 
with lesser sector zonation present. Zircon crystals contain frequent inclusions. Inherited cores with dam-
age and fracturing noted but less common. 
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Figure 2. U-Pb data for sample 19KS100. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level. 
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19ET277
Rhyolite from the Oreo Mountain prospect area; orange-brown; porphyritic; coherent; grain size: 

0.01 to 3 mm; mineralogy: one percent quartz (phenocrystic) and one percent plagioclase (phenocrystic). 
Sample contains 0.5–1 mm euhedral quartz phenocrysts, some aggregated in clusters. Plagioclase phe-
nocrysts are 1–3 mm, fresh, and subhedral. The matrix is glassy and is partially devitrified into 100–500 
μm spherulites. Acicular, sub-millimeter mineral present in the glassy matrix. Weathering is fracture 
controlled. Sample taken from float.

Sample 19ET277 yielded a population of anhedral to subhedral, typically elongated crystals with long 
axes ranging in length between 75–150 μm (fig. 3A). There is evidence of damaged cores, fractures, and holes(?) 
(up to 20–25 μm in size), which were avoided during analysis. Zonation is primarily oscillatory, however, there 
are several zircon grains that show recrystallized domains with irregular textures and/or missing parts. 
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Figure 3. U-Pb data for sample 19ET277. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

19AW256
Rhyolite; pale gray, weathering brown; porphyritic; grain size: 0.01 to 2 mm; mineralogy: 10 percent 

quartz, five percent feldspar, and two percent lithic clasts. Weathering: trace. Up to 2 mm subhedral, often 
subrounded, partially resorbed quartz, and 1 mm euhedral feldspar form phenocrysts in a fine-grained, 
devitrified groundmass. Lithic clasts are small, angular, and frequently fragmented. The rock has enclaves 
of creamy colored material.
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Sample 19AW256 yielded a population of subhedral and equant to elongated zircon crystals with long 
axes ranging in length from 100–120 μm (fig. 4A). Internal textures are difficult to observe because more than 
90 percent of zircon crystals are CL-dark, with some having CL-bright domains or rims too narrow to analyze. 
However, faint oscillatory zonation can be seen, and ages are interpreted to be primarily magmatic. 
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Figure 4. U-Pb data for sample 19AW256. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

Late Cretaceous Intrusive Rocks
19RN287

Biotite-hornblende granite near Oreo Mountain prospect; pink-gray; jointed; porphyritic; hypidio-
morphic; grain size: 1 to 20 mm. Overall coarse-grained and porphyritic granite with common sericite and 
chlorite alteration. Mineralogy: 30 percent plagioclase, 20 percent K-feldspar, 20 percent quartz, 15 percent 
hornblende, 10 percent biotite, three percent magnetite, two percent titanite, and secondary chlorite and 
sericite. Plagioclase crystals are typically 2 to 5 mm, euhedral, commonly twinned, and have strong sericite 
replacement. K-feldspar is 2 mm, sub- to euhedral, fractured, and weathered with biotite and titanite inclu-
sions. Quartz is 0.5 to 1 mm, shows undulatory extinction, and is often found near titanite. Hornblende is 
typically 1 mm long, sub- to euhedral, and has well defined cleavage, with partial chlorite replacement. Biotite 
is 1 to 1.5 mm and fresh looking, with minor chlorite replacement and large zircon and metamict zones. 
Chlorite forms as clots near or on the biotite and hornblende crystals. Weathering is fracture controlled. 

Sample 19RN287 yielded a population of subhedral and elongated zircon crystals with long axes 
ranging in length from 100–125 μm (fig. 5A). Internal textures and ages were interpreted to be primarily 



8 Preliminary Interpretive Report 2021-4

igneous with oscillatory zonation. Crystals with cores and rims are present but not abundant. Few crystals 
display irregular textures possibly indicating recrystallization or newly grown domains. Fracturing and 
broken crystals are infrequent. 

19WCW037
Porphyritic granodiorite; gray-green, pink; slabby; equigranular; grain size: 0.5 to 8 mm. Mineralogy: 

50 percent plagioclase (randomly oriented tabular plagioclase laths), 25 percent hornblende (phenocrysts, 
strong chlorite replacement), 20 percent biotite (strong chlorite replacement), 3 percent quartz, and 2 percent 
opaque minerals. Weathering: trace. Elevated magnetic susceptibility. Sample taken from subcrop.

Sample 19WCW037 yielded a population of subhedral and elongated zircon crystals ranging in 
length between 100–125 μm (fig. 30). Internal textures of CL-medium to bright crystals are primarily mag-
matic, displaying oscillatory and sector zonation, with several crystals containing inherited cores. CL-dark 
crystals (30–40 percent) were interpreted to be metamict and avoided during analysis.

19TJN243
Intrusive granodiorite porphyry from the Oreo Mountain prospect area; grain size: 0.5 to 5 mm; 

mineralogy: three percent plagioclase (2 to 5 mm phenocrysts, euhedral to subhedral), hornblende (chlor-
itized), three percent clinopyroxene (euhedral phenocrysts 1 to 2 mm, six sided, single twins common; not 
chloritized; second order colors, not pleochroic), two percent relict biotite (phenocrysts 1 to 2 mm, equant 
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Figure 5. U-Pb data for sample 19RN287. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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rectangular; now entirely to chlorite and sulfide), and groundmass (50 μm or less grain size). Disseminated 
chalcopyrite and possible pyrite were noted in the hand sample. Weathering: trace. Sample taken from float.

Sample 19TJN243 yielded a population of subhedral, equant and lesser elongated, zircon crystals 
with long axes typically ranging from 100 to 250 μm in length (fig. 6A). Internal textures are primarily 
igneous with oscillatory and lengthwise zonation. Occasional crystal has an inherited core and rim texture. 
These cores can be metamict and display a convolute zonation. Majority of crystals are intact but can be 
fractured and have missing parts. 

19RN282
Altered felsic dike of granodiorite composition, Oreo Mountain prospect; pale; jointed; aphanitic; 

porphyritic; grain size: 0.01 to 5 mm; mineralogy: 10 percent sericite, five percent pyrite (disseminated), 
two percent quartz (phenocrystic), and one percent plagioclase. Sample contains 1 to 4 mm quartz and 1 
to 5 mm sericitized plagioclase phenocrysts in an altered matrix. The rock contains disseminated pyrite, 
stockwork quartz veinlets, and sericite veins. Weathering: pervasive. Sample collected from subcrop.

Sample 19RN282 yielded a population of euhedral and lesser subhedral, equant to elongated zircon 
crystals with varying sizes (fig. 7A). Half the zircon population is estimated to be 75–100 μm in length 
while the larger half typically ranges between 150-200 μm. Internal textures are primarily igneous (i.e., 
oscillatory and lengthwise zonation); however, about 30 percent of the population were interpreted to have 
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Figure 6. U-Pb data for sample 19TJN243. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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experienced lead loss and display irregular zonation or recrystallized domains possibly associated with that 
event. Inherited or xenocrystic cores are present but not pervasive. Several zircon crystals were CL-dark, 
interpreted to be metamict, and avoided during analysis. 

19RN359 
Altered felsic dike of granitic composition, Mount Fairplay prospect; white; jointed; aphanitic; 

porphyritic; grain size: 0.01 to 5 mm; mineralogy: 20 percent feldspar, 15 percent quartz (phenocrystic), 
five percent sericite, one percent pyrite (disseminated), and two percent tourmaline aggregates. Feldspar 
is up to 0.5 mm, simple and lamellae twins, and is highly altered to sericite. Quartz phenocrysts are 0.1 to 
0.3 mm and sub- to euhedral. Sericite and pyrite are disseminated. Tourmaline is rare and appears as light 
brown aggregates with an anhedral crystal shape. Possible white mica in groundmass. Contains about 1 
percent iron oxide after pyrite. The sample was observed to have stockwork mineralization, silicification, 
and fracture-controlled weathering. Sample was collected from an outcrop.

Sample 19RN359 yielded a population of subhedral, elongated, and lesser equant zircon crystals 
with long axes ranging in length between 75–100 μm (up to 250 μm; fig. 8A). Internal textures are primar-
ily igneous and display oscillatory zonation. Inherited cores are common and also display igneous textures. 
Several crystals are fractured with missing parts and have experienced varying degrees of resorption, as 
shown by their rounded or embayed textures.
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Figure 7. U-Pb data for sample 19RN282. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Mid-Cretaceous Igneous Rocks
19ADW053

Granodiorite dike; gray; porphyritic; grain size: 1 to 4 mm; mineralogy: 15 percent quartz phe-
nocrysts, 15 percent hornblende, 15 percent calcite, five percent biotite, five percent plagioclase phenocrysts, 
and 45 percent groundmass. Quartz phenocrysts are rounded and partially resorbed. Biotite is fine- to me-
dium-grained and largely chloritized. Plagioclase is sericitized. Hornblende is largely chloritized, with some 
skeletal crystals present. The groundmass is composed of very fine-grained quartz, feldspar, and biotite—a 
product of devitrification of glass. Some secondary calcite fills vugs or possibly vesicles.

Sample 19ADW053 yielded a population of equant to elongated and euhedral zircon crystals with 
long axes that are typically 100–150 μm in length (fig. 9A). Oscillatory zonation in the rims and lengthwise 
zonation are common. The majority of analysis spots were placed on CL-bright zones frequently located in 
the middle to rim areas of the crystals. CL-dark grains (50–60 percent of population) and cores are com-
mon, were interpreted to be metamict, and were avoided during analysis due to damage. 

19ET054
Granodiorite; white and black; equigranular; grain size: 2 to 5 mm; mineralogy: 55 percent pla-

gioclase, 25 percent quartz, 15 percent microcline, five percent biotite, one percent hornblende, and one 
percent chlorite. Contains 2 to 5 mm long plagioclase is partially sericitized, whereas 1 to 2 mm long, tar-
tan-twinned microcline is unaltered. Quartz often forms granoblastic aggregates and has undulose extinc-

0 20 40 60 80 100

0.
05

0.
10

0.
15

0.
20

250
500

1000

1500

2000

2500

N

1 2 3 4 5 6 7 8 9 10 11

68
69

70
71

72
73

238U/206Pb

19RN359
Weighted Mean
70.5 ± 1.6 Ma
MSWD= 1.9, n= 11/23

20
7 Pb

/20
6  P

b

box heights are 2σ
B C

70.0 ± 0.6 Ma
Spot 06

69.6 ± 0.8  Ma
Spot 13 70.7 ± 0.8 Ma

Spot 08

69.1 ± 0.7  Ma
Spot 23

A

Figure 8. U-Pb data for sample 19RN359. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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tion. Also contains 1 to 3 mm long, subhedral biotite, with hornblende inclusions and partial alteration to 
chlorite. Hornblende is overgrown by biotite. The sample is partially weathered and was taken from float.

Sample 19ET054 yielded a population of euhedral and elongated zircon crystals that range from 
150-200 μm in length (fig. 10A). Primarily oscillatory and sector zonation in entirely igneous grains. Some 
core and rim evidence suggests igneous cores and a possible intermediate stage or partial reset, followed by 
continued oscillatory zonation. Cores can display irregular textures, convolute zoning, or are CL-dark.

19JEA029
Granodiorite; black and white; weathering: light yellow gray; grain size: 1 to 6 mm; mineralogy: 30 

percent quartz, 30 percent plagioclase, 20 percent K-feldspar, five percent biotite, and one percent horn-
blende. Quartz phenocrysts are 1 to 2 mm and euhedral, and display undulose extinction, fractures, and 
occasional irregular, jagged crystal boundaries. Plagioclase is typically 1 mm, euhedral, commonly zoned 
and twinned, and replaced partially by sericite, and contains inclusions of white mica. K-feldspar is 2 mm, 
anhedral to euhedral, and interstitial, and displays tartan twins and exsolution lamellae. Biotite is typically 
1 mm long, fresh, pleochroic, and show minor chlorite replacement. Hornblende is fine-grained, 0.25 mm 
in diameter with poorly defined cleavage. Sample is phaneritic, has chlorite and sericite alteration, and 
displays pervasive weathering. Sample taken from outcrop.

19ADW053
Weighted Mean
100.3 ± 2.2 Ma
MSWD= 3.3, n= 10/35

20
7 Pb

/20
6  P

b

238U/206Pb
(c)

0 10 20 30 40 50 60 70

0.
05

0.
10

0.
15

0.
20

250
500

1000

1500

2000

2500

N

1 2 3 4 5 6 7 8 9 10

98
10

0
10

2
10

4

box heights are 2σ

Lorem ipsum

102.0 ± 1.0 Ma
Spot 47

100.4 ± 1.0 Ma
Spot 67

103.3 ± 1.0 Ma
Spot 54

98.4 ± 0.8 Ma
Spot 39

99.6 ± 1.0 Ma
Spot 45

98.9 ± 1.0  Ma
Spot 51

100.6 ± 1.1 Ma

98.9 ± 1.0  Ma
Spot 51

B C

A

Figure 9. U-Pb data for sample 19ADW053. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 10. U-Pb data for sample 19ET054. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

Sample 19JEA029 yielded a population of subhedral and elongated zircon crystals ranging in length 
from 125–200 μm. Internal textures of crystals are commonly metamict and convolute zonation with lesser 
lengthwise and oscillatory zoning. Igneous textures were targeted while picking analysis spots and CL-dark 
grains and metamict zones were avoided. 

19ADW016
Felsic hypabyssal intrusion, dark gray with purple tinge, porphyritic, grain size: 1 to 4 mm; min-

eralogy: 20 percent feldspar, 15 percent hornblende, 15 percent quartz, 10 percent biotite, and 40 percent 
groundmass. Quartz is up to 3 mm in diameter; feldspar is largely sericitized. Some hornblende is skeletal 
and largely chloritized; biotite is completely chloritized. Fine-grained groundmass is composed of sericit-
ized feldspar and quartz.

Sample 19ADW016 yielded a population of subhedral to euhedral, equant and lesser elongated zir-
con crystals ranging in length from 100–115 μm (fig. 11A). Internal textures of healthy crystals that were 
analyzed display oscillatory and sector zonation. A large portion of the population has metamict cores 
(50-60 percent) that were avoided during analysis. However, some of these metamict crystals had nice rims 
with oscillatory zonation that were large enough for a 20 μm spot size. Some of these rims were CL-bright-
er than the rest of the crystal but were too narrow to analyze. 
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19ET102
Altered porphyry, Pushbush prospect; pale green-gray; porphyritic; grain size: 0.1 to 3 mm; miner-

alogy: 15 percent feldspar (phenocrystic), 10 percent biotite (phenocrystic), 5 percent quartz (phenocrys-
tic), allanite, and chlorite. Sericitized feldspars, chloritized biotite, and resorbed, subrounded quartz form 
phenocrysts in a very fine-grained matrix. Allanite is veined and brecciated. The rock contains dissemi-
nated sulfides, pyrite, and possible chalcopyrite, with sparse sub-millimeter quartz veinlets. Rock sample is 
partially weathered and altered. Alteration includes chloritization of mafic minerals (propylitic) overprint-
ing possible potassic alteration. Sample taken from float.

Sample 19ET102 yielded a population of subhedral to euhedral, elongated and lesser equant zir-
con crystals with long axes ranging in size from approximately 200–225 μm, but up to 300 μm. Internal 
textures included primarily oscillatory, lengthwise, and sector zonation, with a subpopulation of zircon 
crystals with cores and rims. The cores of these crystals can be somewhat fractured and metamict. A few 
crystals have fractures or missing parts; otherwise, the majority are intact. 

19ET288
Granite; sheared, protomylonitic; light tan; equigranular; grain size: 2 to 5 mm; mineralogy: K-feld-

spar, plagioclase, 25 percent quartz (glomerocrysts), one percent biotite, and secondary chlorite. Contains 
3 to 5 mm primary grains are replaced by aggregates of 0.2 to 1 mm granoblastic quartz and 2 to 5 mm, in-
terlocking K-feldspar crystals with quartz and plagioclase and slightly undulose extinction. Also contains 
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Figure 11. U-Pb data for sample 19ADW016. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 12. U-Pb data for sample 19ET288. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

1 to 4 mm interlocking plagioclase with twins kinked by shearing and 1 mm biotite books almost entirely 
replaced by chlorite. The rock is cut by 0.2 to 5 mm bands that display grainsize reduction: the majority of 
grains are reduced to 20–50 μm, with some larger, 0.5–1 mm grains. Sample was partially weathered and 
collected from an outcrop. 

Sample 19ET288 yielded a population of euhedral and elongated, with lesser equant, zircon crystals 
with long axes ranging from 100–125 μm (fig. 12A). Internal textures are dominantly oscillatory and lesser 
lengthwise zonation with evidence of minor recrystallized or newly grown domains, which show irregular 
textures closer to the cores. Fractures present but not pervasive. 

19ET146
Granite pluton; weakly strained; light pink; massive; equigranular; grain size: 2 to 5 mm; mineralo-

gy: 50 percent K-feldspar, 30 percent quartz, 15 percent plagioclase, one percent biotite, two percent seric-
ite, and 0.1 percent chlorite. Contains 2 to 5 mm K-feldspar with single twinning (suggesting oligoclase), 1 
to 4 mm in diameter, and subhedral, slightly resorbed quartz. The plagioclase and 1 to 2 mm biotite books 
comprise most of the rock. The plagioclase is sericitized and the biotite is weakly chloritized. Sample taken 
from outcrop.

Sample 19ET146 yielded a population of subhedral to euhedral and mostly equant zircon crystals 
with lengths between 100–150 μm (fig. 13A). Internal texture is primarily oscillatory zonation. Inherited 
cores and fractures are limited. 
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19WCW039
Granite; pink, gray; fine- to medium-grained, equigranular; grain size: 0.5 to 3 mm. Mineralogy: 50 

percent K-feldspar (1 to 3 mm, subhedral, untwinned), 30 percent quartz (subhedral [early?] grains, 1 to 2 
mm, slight undulose extinction), 10 percent plagioclase (1 to 2 mm twinned grains, partially sericitized), 1 
percent biotite (1 to 2 mm, almost completely replaced by white mica, opaques, and a little chlorite. Some 
white mica could be primary magmatic), 0.1 percent white mica (possible primary magmatic white mica, 
abundant opaques suggest it could be altered biotite), trace tourmaline. Trace weathering was observed in 
the sample and it was collected from subcrop.

Sample 19WCW039 yielded a population of equant to primarily elongated euhedral, and lesser 
equant, zircon grains with average length ranging from 100–200 μm (fig. 32). Internal textures observed 
are straight, sector, and oscillatory zonation, with the occasional metamict crystal (damaged core) avoided 
during analysis. Zircon crystals display minimal fractures. 

19TJN181
Granite intrusion; pink; fine-grained aplitic; grain size: 0.1 to 6 mm. Mineralogy: 50 percent 

feldspar (1–3 mm, partly sericitized, interstitial to quartz phenocrysts), 45 percent quartz (up to 3 mm, 
20 percent quartz as phenocrysts up to 4 mm, 25 percent as interstitial quartz along with feldspar), and 5 
percent biotite (1–2 mm long phenocrysts, partly resorbed and partly chloritized.) Sample is unweathered 
and found as subcrop.
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Figure 13. U-Pb data for sample 19ET146. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 14. U-Pb data for sample 19TJN181. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

Sample 19TJN181 yielded a population of somewhat equant, anhedral to subhedral, zircon crystals 
with long axes varying in length between 50–150 μm (fig. 14A). A variety of internal textures are noted 
such as sector, oscillatory, and lengthwise zonation. Fractures are present and crystals are often broken. 
Inclusions in the cores of the crystals are common. CL-dark grains were avoided during analysis due to 
probable damage caused by metamictisation. 

19RN423
Biotite-bearing granite; gray; jointed; equigranular; grain size: 1 to 4 mm; mineralogy: 27 percent 

feldspar, 30 percent quartz, 25 percent K-feldspar, 15 percent biotite (phenocrystic), and three percent 
magnetite. The K-feldspars are typically 1 to 4 mm long, whereas other feldspar grains are finer-grained 
and range between 0.5 to 1.5 mm. The biotite is up to 25 percent chloritized and contains small inclusions 
of rutile. Sample has weak alteration, is partially weathered, and was collected from subcrop. 

Sample 19RN423 yielded a population of subhedral to euhedral, somewhat elongated, zircon crys-
tals. The long axes of the crystals vary in length from 100–150 μm (fig. 15A). Primary internal textures are 
sector zonation, oscillatory zonation, and core and rims. Several grains display CL-dark zones coinciding 
with metamict and damaged cores. 



18 Preliminary Interpretive Report 2021-4

10 20 30 40 50 60

0.
06

0.
08

0.
10

0.
12

250

500

1000

1500

2000

N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

10
8

11
0

11
2

11
4

11
6

11
8

113.6 ± 1.2 Ma
Spot 62

110.8 ± 1.3 Ma
Spot 59

115.1 ± 1.0 Ma
Spot 58

116.9 ± 1.3 Ma
Spot 44

112.8 ± 1.2 Ma
Spot 51

112.8 ± 1.2 Ma
Spot 51

111.2 ± 1.3 Ma
Spot 50

113.7 ± 1.0 Ma
Spot 70

112.6 ± 1.4 Ma
Spot 64 111.6 ± 1.4 Ma

Spot 53 rim

19RN423
Weighted Mean
112.8 ± 2.6 Ma
MSWD= 2.6, n= 15/32

20
7 Pb

/20
6  P

b

238U/206Pb

box heights are 2σ

B C

A

Figure 15. U-Pb data for sample 19RN423. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

19AW200
Porphyry with granite composition; gray, pale pink to creamy; glomeroporphyritic; grain size: 0.01 

to 7 mm; mineralogy: five percent feldspar, two percent quartz, and two percent biotite. Weathering: trace. 
Large, up to 7 mm, subhedral quartz; up to 5 mm, sub- to euhedral feldspar; and 4 mm, sub- to euhedral 
biotite phenocrysts in an aphanitic, pale gray matrix. The feldspars are fresh, often clustered, and forming 
glomerocrysts, whereas the biotite is chloritized. Sample taken from outcrop.

Sample 19AW200 yielded a population of euhedral and elongated, lesser equant, zircon crystals with long 
axes ranging in length between 150–200 μm (fig.16A). Internal textures of the zircon crystals were primarily ig-
neous and display oscillatory and sector zonation. Several grains show inherited core and igneous rim textures. 

19RN222
Altered dike of intermediate composition; pale gray-green; massive; aphanitic; porphyritic; grain 

size: 0.01 to 8 mm; mineralogy: 35 percent plagioclase, 20 percent quartz, 10 percent biotite, and 10 per-
cent hornblende. Plagioclase is 1 to 8 mm long and replaced by sericite. Quartz is 0.5 to 2 mm. The biotite 
and hornblende are both mostly replaced by chlorite and epidote. Phenocrysts are in an aphanitic ground-
mass. Sample was collected from a frost boil and is weakly altered and partially weathered.

Sample 19RN222 yielded a population of subhedral to euhedral, elongated zircon crystals with long 
axes typically 150 μm in length (fig. 17A). Internal textures consist of oscillatory zonation with inherited 
cores common. A few crystals are metamict with convolute zonation and were avoided during analysis. 
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Figure 16. U-Pb data for sample 19AW200. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

10 20 30 40 50 60

0.
06

0.
08

0.
10

0.
12

250

500

1000

1500

N

1 3 5 7 9 11 14 17 20 23 26 29 32

10
4

10
6

10
8

11
0

11
2

11
4

238U/206Pb

box heights are 2σ

110.4 ± 1.3 Ma
Spot 58

109.8 ± 1.2  Ma
Spot 59

108.7 ± 1.6 Ma
Spot 61

111.6 ± 2.1  Ma
Spot 62

19RN222
Weighted Mean
109.2 ± 2.4 Ma
MSWD= 1.5, n= 32/35

20
7 Pb

/20
6  P

b

A

B C

Figure 17. U-Pb data for sample 19RN222. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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19TJN231
Granite; aplitic; mineralogy: 50 percent quartz, 50 percent feldspar (largely sericitized), white mica 

(trace), biotite (questionable), and oxides (as inclusions in white mica). Trace weathering was observed 
in the sample, and it was collected from float. Aplitic granite is most abundant at this location and was 
sampled. Porphyritic granite with phenocrysts up to 12 mm was also present at the field site, similar to 
previous stations. No context about field relations.

Sample 19TJN231 yielded a population of subhedral, equant to elongated zircon crystals with 
long axes ranging from 100–125 μm (fig. 18A). Primary internal textures included oscillatory and sector 
zonation, with some evidence of core and rims. Crystals are often broken and/or fractured. CL-dark grains 
were interpreted as metamict and avoided during analysis. 
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Figure 18. U-Pb data for sample 19TJN231. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

19SPR102 
Granite; porphyry intrusion with 3 percent K-feldspar, 2-3 percent plagioclase, 2 percent quartz, 

less than 1 percent oxides, and up to 90 percent fine-grained groundmass of intergrown quartz–feldspar 
(granophyric), with average groundmass size ranging from 0.1–0.2 mm. K-feldspar phenocrysts are large, 
sub- to euhedral, typically 1–2.5 mm but up to 4 mm, and sericitized, with simple twins common and less-
er tartan twinning. Plagioclase phenocrysts are typically 2 mm up to 3–4 mm in size and sub- to euhedral, 
with inclusions of white mica and polysynthetic twinning. Quartz phenocrysts range in size from 1.5 to 
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2 mm. Quartz grains are sub- to euhedral with straight boundaries and contain many 0.25 to 0.5 mm in-
clusions of feldspar and white mica. Quartz boundaries could have experienced resorption or just growth 
around fine groundmass. Contains 1 to 2 mm wide quartz veinlets running through the thin section. 
Sample was collected from float.

Sample 19SPR102 yielded a population of anhedral to subhedral, equant zircon crystals that are 
typically 50-100 μm long (fig. 19A). Internal textures include primarily sectoral and convolute zonation, 
which is typically different and/or more complicated than the other mid-Cretaceous samples analyzed. CL-
dark crystals (~30 percent) were interpreted to be metamict and avoided during analysis. Fractures and 
broken crystals are also common throughout the sample population. 

19TJN299
Tuffaceous dacite; gray; grain size: 3 mm; mineralogy: 17 percent feldspar (phenocrystic), 8 percent 

quartz (phenocrystic), and fine-grained groundmass. Crystal-rich tuff with 25 to 30 percent broken phenocrysts 
and devitrifying groundmass. Sample was observed to have trace weathering and was taken from outcrop.

Sample 19TJN299 yielded a population of subhedral to euhedral and elongated zircon crystals rang-
ing in length from 150–200 μm (fig. 20A). Internal textures: primarily magmatic crystals display oscilla-
tory and lesser sector zonation. Occasional zircon crystal displays igneous core-rim textures, while others 
have experienced some degree of dissolution and are missing parts. Nearly 50 percent of the population 
are CL-dark and were avoided during analysis. 
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Figure 19. U-Pb data for sample 19SPR102. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 20. U-Pb data for sample 19TJN299. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

19SPR027
Hornblende-rich diorite; rock type: intrusive diorite; grain size: 3 to 8 mm; mineralogy: 55 percent 

plagioclase, 35 percent hornblende, five percent quartz, two percent sericite, one percent actinolite, one 
percent biotite, and possibly one percent K-feldspar. Plagioclase is 0.5 to 1 mm, occasionally zoned, and 
weakly replaced by sericite. Hornblende grains are 1 to 4 mm long and euhedral to anhedral, with brown-
light brown pleochroism. Quartz grains are typically 1 mm in diameter and are interstitial. Actinolite, 
biotite, and sericite are secondary after hornblende and plagioclase. 

Sample 19SPR027 yielded a population of elongated and anhedral to subhedral zircon grains with 
typical lengths from 75–100 μm and up to 250–300 μm (fig. 21A). Straight and sector zonation, fractures, and 
missing parts common throughout zircon crystals. CL-dark grains (30–40 percent of population) were inter-
preted to be damaged by metamictisation and were avoided during analysis. Some grains have CL-brighter 
domains near the cores and along rims that were too small to be analyzed. 

Allochthonous rocks of the Klondike Assemblage
19ET098

Metarhyolite; pink tan; mylonitic; grain size: 0.05 to 0.2 mm; mineralogy: quartz, feldspar, white mica, 
and opaque minerals. Sample contains very fine bands of fine-grained matrix with about 5 percent, up to 2 
mm long, highly included, broken up, and resorbed feldspar porphyroclasts. Selected feldspar porphyroclasts 
have shadow tails formed by up to 0.5 mm quartz and 0.1 mm white mica. Sample taken from float.
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Sample 19ET098 yielded a population of equant and subhedral to euhedral zircon crystals that 
range in length from 50–100 μm (fig. 22A). Internal texture is primarily oscillatory zonation. CL-dark 
grains were interpreted to be metamict and were avoided during analysis. Inherited cores are observed but 
not abundant. Crystals have limited fractures, and edges are typically smooth and rounded. 

19ET126
Quartz-augen metarhyolite; greenschist-facies mineralogy; light tan; schistose; grain size: 0.1 to 4 

mm; mineralogy: five percent white mica, three percent quartz, three percent epidote, and two percent pla-
gioclase. Up to 2 mm long porphyroclasts of quartz and plagioclase in fine-grained matrix with white mica 
and epidote. The quartz is rotated, forms quartz eyes, and shows evidence of recrystallization with sub-
grains. Plagioclase displays albite twinning, inclusions of white mica, and recrystallization at tails. Moder-
ate foliation defined by white mica. Weathering is pervasive. Sample taken from float.

Sample 19ET126 yielded a population of elongated and lesser equant, anhedral to subhedral zir-
con grains with lengths ranging from 100–150 μm (see fig. 33). Oscillatory and straight zonation are the 
primary internal textures. Fractures approximately 10–15 μm wide are observed crossing the width of 
several crystals. Inherited cores are present but not abundant, and CL-dark grains were avoided because of 
potential for metamictisation. 
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Figure 21. U-Pb data for sample 19SPR027. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 22. U-Pb data for sample 19ET098. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

Allochthonous Rocks of the Ladue River Unit
19WCW048

Feldspar-porphyroclastic metagranitoid; gray, white; foliated; grain size: 0.5 to 3 mm; mineralogy: 
60 percent quartz (granoblastic quartz aggregates), 25 percent muscovite (aligned in foliation), 10 percent 
plagioclase (some twins, partial sericite replacement), and 5 percent biotite (partially altered to chlorite 
and oxides). Trace weathering is observed in the sample. 

Sample 19WCW048 yielded a population of equant to elongated, subhedral zircon crystals. The 
long axes range in length from approximately 25–100 μm. Internal textures are primarily oscillatory with 
lesser patchy and sector zonation. Many crystals display fractures, while others are clearly broken and have 
been reduced in size. 

19ET158
Coarse-grained amphibolite with early coarse hornblende showing overprint of actinolite–albite–clino-

zoisite. Mineralogy: 40 percent hornblende, 35 percent actinolite, 10 percent epidote, 10 percent chlorite, five 
percent white mica, two percent albite, and one percent quartz. Hornblende is coarse, 1 to 2 mm long, slightly 
pleochroic, light greenish brown, and partially altered to chlorite and actinolite. Epidote forms in clots, and 
crystals are anhedral to subhedral. Actinolite is 0.5 to 1 mm and replaces hornblende. Chlorite is found as minor 
replacement of hornblende. White mica is 0.1 to 0.5 mm, somewhat oriented in foliation, tabular, and discon-
tinuous. Albite is fine-grained, anhedral, and twinned, and found filing fractures. Minor quartz is present with 
subgrains. Sample has small, 0.2 to 0.5 mm quartz veinlets running through the thin section. 
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Sample 19ET158 yielded a population of anhedral to subhedral, equant zircon grains typically 
ranging in length from 75–100 μm (fig. 23A). CL-bright rims with oscillatory zonation were too narrow to 
be analyzed. Spot locations are typically within the core of the crystal where straight, and sector zonation 
textures are common. 

19ET045
Orthogneiss; pink-tan; gneissic; grain size: 0.5 to 8 mm; granitic composition. Mineralogy: domi-

nated by feldspar and quartz, plus five percent white mica, three percent biotite, three percent epidote, one 
percent K-feldspar, one percent chlorite, one percent opaque minerals, and 0.1 percent titanite. Feldspar 
crystals 4 to 8 mm long and quartz porphyroclasts in a finer-grained quartz–feldspar matrix form layers 
that are parted by biotite, white mica, and mafics. Contains 1 to 2 mm long mafic relicts altered to a mix-
ture of epidote, chlorite, biotite, and opaque minerals. The rock has a well-developed gneissic texture and 
L-S fabric. Sample taken from float.

Sample 19ET045 yielded a population of anhedral to subhedral, equant to elongated zircon crystals 
with long axes ranging in size from approximately 100–200 μm (fig. 24A). Internal textures are primarily 
oscillatory and straight zonation, with the more equant crystals displaying better oscillatory zonation than 
the elongated crystals. Several grains display CL-bright rims too narrow to analyze. Fracturing in cores and 
crosscutting straight zonation are common. 
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Figure 23. U-Pb data for sample 19ET158. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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19AW285
Orthogneiss; creamy with light green streaks, weathers pale brown; gneissic; grain size: 1 to 7 mm; 

mineralogy: 50 percent albite, 35 percent quartz, 10 percent chlorite, and five percent white mica, with mi-
nor titanite and epidote. Weathering: trace. Rotated albite porphyroclasts, quartz porphyroclasts, and rare 
quartz augen form irregular felsic layers. The felsic layers are parted by thin (1 to 2 mm) layers of chlorite 
(which has been somewhat altered to fine-grained secondary biotite and opaque minerals), white mica, 
and epidote. The chlorite also appears to be replacing primary igneous biotite. Sample taken from outcrop.

Sample 19AW285 yielded a population of subhedral zircon crystals typically with 150 μm long axes, 
oscillatory zonation, and inherited cores (fig. 25A). Straight zonation is observed but less common. Irregu-
lar textures may be due to possible recrystallized or newly grown domains.

19WCW067
Metagranitoid; gray-green, white; foliated; grain size: 0.5 to 3 mm; mineralogy: alkali-feldspar and 

quartz, plus about 20 percent muscovite, 10 percent plagioclase, eight percent chlorite, and two percent bi-
otite. There is a foliation that is also crenulated, but the crenulations are irregular. Sample taken from float. 

Sample 19WCW067 yielded a population of anhedral zircon crystals ranging in length from ap-
proximately 50–100 μm (fig. 26A). Crystals are typically fractured and broken with irregular textures and 
domains common. Several grains are subhedral and display oscillatory zonation. 
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Figure 24. U-Pb data for sample 19ET045. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 25. U-Pb data for sample 19AW285. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

5 10 15

0.
06

0.
08

0.
10

0.
12

500

1000

1500

2000

N

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

35
0

36
0

37
0

38
0

364.1 ± 3.3 Ma
Spot  22 core

364.3 ± 3.3 Ma
Spot  22 rim

367.1 Ma 

363.6 ± 3.7 Ma
Spot  24

366.2 Ma 

365.3 Ma 

366.6 ± 3.2 Ma
Spot  33

362.2 Ma 

368.1 Ma 
364.9 ± 4.2 Ma
Spot 7 

375.8 Ma 

19WCW067
Weighted Mean
364.9 ± 7.3 Ma
MSWD= 1.7, n= 31/34

20
7 Pb

/20
6  P

b

238U/206Pb

box heights are 2σ
B C

A

Figure 26. U-Pb data for sample 19WCW067. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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19RN278
Chloritic orthogneiss; green; foliated; gneissic; porphyroclastic; grain size: 0.3 to 5 mm; mineralogy: 

40 percent quartz, 20 percent albite, 20 percent K-feldspar, five percent chlorite, three percent epidote, one 
percent biotite, and trace allanite. Quartz is typically 0.5 to 1 mm but granulated to 0.1 mm and forms 0.5 
to 1 mm bands between biotite layers, with undulose extinction and grain boundary migration. Albite is 
0.5 to 1 mm and has rare twinning. K-feldspar is 0.5 to 1 mm, very weathered, partially replaced by seric-
ite, and slightly augen-like in shape with epidote inclusions and sweeping extinction through tails. Chlorite 
is replacing most biotite crystals. Epidote has euhedral crystal shape and is growing in biotite bands. Bio-
tite is very pleochroic, light green-brown, and forms in sub-mm bands. Allanite is euhedral, brown, and 
zoned. Partial weathering is present through sample. Sample taken from subcrop.

Sample 19RN278 yielded a population of sub- to euhedral, equant to elongated zircon crystals. Long 
axes of the crystals are typically 100–200 μm but can be upwards of 300 μm. Oscillatory zonation occurs 
more frequently than straight zonation. Fractures crosscutting zonation are common, and occasionally a 
crystal will be broken. Several zircon crystals have CL-bright rims that are too narrow for analysis. 

19SPR004 
Alkali feldspar metagranitoid; porphyritic; grain size: 5 to 15 mm. Weakly strained granitic rock 

with altered plagioclase. No consistent fabric. Mineralogy: 40 percent quartz, 40 percent K-feldspar, 15 
percent plagioclase, two percent biotite, and secondary chlorite, epidote, and white mica. Quartz grains are 
typically 0.3 mm with some larger subhedral grains up to 4 mm, are mostly interstitial, and display undu-
lose extinction. K-feldspar grain size is ~5 mm with occasional single twins. Relict plagioclase grains were 
2 to 5 mm and are now entirely replaced by aggregates of white mica, epidote, and sparse chlorite. Biotite is 
2 mm long and entirely replaced by chlorite, but crystal form and cleavage are preserved. Chlorite, epidote, 
and white mica are secondary after biotite and plagioclase. Sample taken from subcrop.

Sample 19SPR004 yielded a population of euhedral and elongated zircon crystals with long axes 
ranging in length from 100–150 μm (fig. 34). Majority of the crystals are whole, however a few grains have 
been fractured and are missing parts. Internal textures of crystals used to calculate the weighted mean 
age are magmatic with clear oscillatory zonation. Approximately 80 percent have been interpreted to have 
undergone Pb-loss or are metamict. Inherited and/or metamorphic cores are present but not common.

Parautochthonous Lake George Assemblage
19ADW351c

Augen orthogneiss; pink; foliated; strained, mylonitic, porphyroclastic; grain size: 3 to 30 mm; min-
eralogy: 40 percent feldspar, 40 percent quartz, 10 percent biotite, 10 percent muscovite, and trace garnet 
and chlorite. Subrounded and stretched quartz and feldspar are between 2 to 4 mm in diameter. K-feldspar 
porphyroclasts are stretched with foliation, reduced in grain size, and somewhat altered to sericite. Biotite 
is 0.1 to 0.5 mm long, forms books defining foliation, and has zircon inclusions and metamict zones. Mus-
covite is typically 0.1 to 0.2 mm long and aligned in the foliation alongside biotite. Small, fractured grains 
of garnet are present. Sample is partially weathered and was collected from an outcrop.

Sample 19ADW351c yielded a population of anhedral to subhedral zircon crystals with long axes rang-
ing from approximately 75–125 μm (fig. 27A). CL imaging of zircon grains reveals internal textures of primarily 
oscillatory and straight zonation. The abundant inherited cores observed were avoided during analysis. 
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Figure 27. U-Pb data for sample 19ADW351c. A. Cathodoluminescence images of representative zircon popula-
tion with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted 
average of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

19SPR174
Granite; phaneritic; equigranular; grain size: 2 to 15 mm; mineralogy: 50 percent K-feldspar, 25 

percent quartz, 10 percent plagioclase, 10 percent biotite, three percent white mica, and two percent 
chlorite. K-feldspar is subhedral, often shows Carlsbad twins, includes inclusions of biotite, and is strongly 
replaced by sericite. Quartz is anhedral to subhedral, with some irregular grain boundaries. Plagioclase 
is commonly twinned and weathered, with some sericite replacement. Biotite crystals are typically 1 mm 
long and appear as randomly oriented books. Secondary chlorite is found replacing biotite. This sample of 
undeformed granite was collected from the base of outcrop, 1.5 m below mylonitic augen orthogneiss of 
similar age and composition (sample 19ADW351c).

Sample 19SPR174 yielded a population of subhedral equant to elongated zircon crystals ranging in 
length from 125–200 μm (fig. 28A). CL imaging reveals many inherited cores with occasional metamict 
zones. Subsequent zircon crystal growth around cores shows oscillatory and straight zonation. Fractures 
(and possibly holes) are commonly found throughout the population. 

19ADW202
Meta-leucogranite; weakly stained; grain size: 0.5 to 2 mm; mineralogy: 55 percent feldspar, 25 

percent quartz, 15 percent biotite, three percent garnet, and two percent oxides. Rock is weakly foliated, 
with small metamorphic garnets. Biotite is 0.2 to 0.5 mm, weakly aligned in fabric, and fresh looking, 
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with bird’s eye extinction and metamict zones with zircon. Quartz is 0.5 to 2 mm in diameter, somewhat 
elongated in fabric with straight grain boundaries, and sometimes present as subgrains, with undulatory 
extinction. Feldspar is weathered looking and displays occasional twinning. Garnet is about 0.2 mm in 
diameter and is fractured. Sample found in outcrop.

Sample 19ADW202 yielded a population of subhedral, equant to elongated zircon crystals with 
long axes ranging in size from approximately 100–200 μm (fig. 29A). CL imaging of zircon grains reveals 
ubiquitous CL-bright rims that were too narrow to be analyzed. Internal textures were primarily oscillato-
ry and straight zonation, with abundant inherited cores. CL-dark grains were interpreted to be metamict 
and were avoided during analysis. 

Parautochthonous Jarvis Belt
19ET034

Metarhyolite; light tan; porphyritic, possible protomylonitic texture, weakly foliated; grain size: 0.05 
to 4 mm; mineralogy: 20 percent white mica, five percent quartz, one percent plagioclase, one percent 
mafic, and one percent epidote. Weathering: partial. Dominated by sub-50-μm groundmass, recrystallized 
in a post-kinematic environment with crenulation cleavage developing. Contains porphyroclasts of 2 mm 
plagioclase feldspars with relict twinning, quartz, biotite, and highly altered to opaque minerals in a very 
fine-grained matrix of white mica, quartz, and feldspar. The white mica defines foliation and incipient 
crenulation cleavage. The epidote is less than 100 μm in size, is dispersed through the rock, and is lustrous 
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Figure 28. U-Pb data for sample 19SPR174. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.
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Figure 29. U-Pb data for sample 19ADW202. A. Cathodoluminescence images of representative zircon population 
with spot location and age. B. Tera-Wasserburg concordia diagram. C. Plot of 206Pb/238U ages with weighted aver-
age of preferred ages. Ovals and bars indicate uncertainty at the 2-sigma level.

on cleaved surfaces. Sparse quartz veinlets are sinuous and deformed. The rock is possibly retrograded 
from either greenschist-facies or amphibolite-facies. Sample was collected from subcrop.

Sample 19ET034 yielded a population of anhedral to subhedral zircon crystals typically ranging 
in length from 100–200 μm (fig. 36). Internal textures were primarily oscillatory, and inherited cores are 
common. Often the crystals display fractures and are broken with jagged edges. 

RESULTS AND DISCUSSION
A summary of all interpreted U-Pb ages is included in table 2, with uncertainty for all ages, isotope 

ratios, and reported MSWD. As outlined above, a concordance filter was used to eliminate grains that were 
either heterogeneous or experienced Pb loss after formation. Filtered grains were not included in the final 
interpreted ages reported below.  

Igneous Rocks
Paleogene 

A rhyolite (:r), 19AW256, and two feldspar-porphyry samples (:fp), 19ET277 and 19KS100, re-
turned 58.9 ± 1.4, 58.6 ± 1.4 and 57.1 ± 1.2 Ma ages (figs. 2–4, table 2). The zircon grains’ morphology and 
lack of Pb loss suggest the ages represent zircon crystallization under magmatic conditions. An equivalent 
of this granite porphyry is observed in Yukon, Canada, at the North Ladue River Porphyry, which yielded 
a similar zircon age: 58.3 ± 0.5 Ma (Yukon Geological Survey, 2020). Furthermore, a sanidine sample from 
a welded tuff in the eastern area of the Tanacross quadrangle yielded a 57.8 ± 1.7 Ma K-Ar age (Foster and 
others, 1976; recalculated by Wilson and others, 2015).



32 Preliminary Interpretive Report 2021-4

Late Cretaceous 
The youngest Late Cretaceous unit that was sampled within the field area is a porphyritic granite 

(lKpg, 19RN287) which yielded a 68.8 ± 1.5 Ma zircon age (fig. 5, table 2). Three samples of granodiorite 
(lKgd): 19TJN243, 19RN282, and 19WCW037, yielded ages 69.3 ± 1.4 to 72.1 ± 1.6 Ma and a felsic dike, 
19RN359, 70.5 ± 1.6 Ma (figs. 6–7 and 30, table 2). These ages are interpreted as igneous crystallization 
ages for the units. The range of ages of the Late Cretaceous rocks from eastern Tanacross field area is very 
similar to those observed in the northeast Tanacross Quadrangle: 68 to 72 Ma (Todd and others, 2019).
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Figure 30. (A) U-Pb Tera-Wasserburg Concordia and (B) weighted mean age plots for sample 19WCW037.

Mid-Cretaceous
The mid-Cretaceous intrusive rocks range between 100 to 115 Ma. Dikes having mafic to interme-

diate alkalic compositions are represented by sample 19ADW053, which yielded the youngest age in the 
mid-Cretaceous group: 100.3 ± 2.2 Ma (fig. 9, table 2). Granodiorite (unit Kgd; samples: 19ET054 and 
19JEA029) are characterized by the ages 104.4 ± 2.3 and 107.7 ± 2.3 Ma (figs. 10 and 31, table 2). The cor-
relative Silver Creek Granodiorite (unit Khgd) from the adjacent Alaska Highway Corridor geologic map 
(Solie and others, 2019) yielded ages between 97 and 103 Ma (Solie and others, 2014). Mafic to intermedi-
ate, calc-alkalic to alkali calcic dikes (Kmi), samples 19ADW016 and 19ET102, yielded zircon ages of 102.8 
± 2.2 and 110.7 ± 2.5 Ma (fig. 11, fig. 32A, B table 2). Granite samples, representing unit Kg (19ET146, 
19ET288, 19TJN181, 19RN423, 19WCW039) yielded ages from 106.7 ± 2.3 to 112.8 ± 2.6 (figs. 12–15 and 
32C, D, table 2). Similar ages were reported for the Northeastern Tanacross map unit Kg (Todd and others, 
2019; Wypych and others, 2020), and in Yukon, Canada, where it is mapped as the ca. 110–109 Ma Crag 
Mountain pluton, part of the Whitehorse Plutonic Suite (Yukon Geological Survey, 2019). Zircons from 
granite porphyry (Kgp; 19AW200, 19RN222, 19TJN231, 19SPR102) returned ages between 107.2 ± 2.4 
and 115.0 ± 2.5 Ma (figs. 16–19, table 2) and zircons from a rhyolite tuff (Kwff) sample 19TJN299 returned 
an age of 107.9 ± 2.2 Ma (fig. 20, table 2). Sample 19SPR027 (Kgb) is gabbroic to dioritic in composition 
and yielded an age of 108.1 ± 2.3 Ma (fig. 21, table 2), which is in agreement with the age of the Kgb unit 
obtained for Alaska Highway Corridor (Solie and others, 2014; 2019).
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Figure 31. (A) U-Pb Tera-Wasserburg Concordia and (B) weighted mean age plots for sample 19JEA029.

Figure 32. (A) U-Pb Tera-Wasserburg Concordia and (B) weighted mean age plots for samples 19ET102 and 
19WCW039.
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Figure 33. (A) U-Pb Tera-Wasserburg Concordia and (B) weighted mean age plots for sample 19ET126.

Common inheritance observed in some samples from the Cretaceous and Paleogene igneous rocks in-
clude Mississippian to Devonian as well as Proterozoic age zircons—characteristic of the underlying basement. 

Allochthonous Metamorphic rocks
Klondike Assemblage

Two metarhyolite samples (19ET098 and 19ET126) collected within the Klondike Assemblage (Pks) 
yielded zircon ages of 256.7 ± 5.8 and 261.4 ± 5.8 Ma, respectively (figs. 22 and 33, table 2). These ages are 
in agreement with the 257 and 267 Ma ages reported in Jones and O’Sullivan (2020), which were obtained 

from a schist in the vicinity of our samples. We interpret these ages as representing the crystallization of a 
volcanic protolith. There are a few Proterozoic grains present in 19ET126; however, those ages are a typical 
inheritance present in both the allochthonous and parautochthonous rocks in the region.

Ladue River Unit
The Ladue River metaigneous rocks are characterized by Mississippian to Late Devonian ages. 

Sample 19ET158 is an amphibolite (unit MDa) and yielded an age of 361.8 ± 7.4 Ma (fig. 23, table 2), me-
tagranitoid samples 19ET045, 19AW285, 19WCW067, 19RN278, and 19SPR004 (unit MDg) yielded ages 
ranging from 360.7 ± 7.8 to 375.7 ± 9.0 Ma (figs. 24–26, 34A–D, table 2), and sample 19WCW048, within 
the feldspar-porphyroclastic orthogneiss (unit MDpo), yielded an age of 359.7 ± 7.2 Ma (fig. 35, table 2). 
These ages are similar to the Mississippian–Devonian Fortymile River assemblage orthogneiss samples 
from the Eagle A-1 Quadrangle and Northeast Tanacross map (Day and others, 2002; Wypych and others, 
2020) and represent a crystallization age of the igneous photolith. The Ladue River unit samples display 
bright rims; however, they are too fine to resolve their age with laser ablation techniques.

Parautochthonous Metamorphic rocks
Lake George Assemblage

A strained augen orthogneiss, 19ADW351c, and unstrained porphyritic granite, 19SPR174, both 
mapped as augen gneiss unit MDag, yielded Late Devonian ages of 360.7 ± 8.7 and 367.6 ± 8.4 Ma, respec-
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Figure 34. (A,C) U-Pb Tera-Wasserburg Concordia and (B,D) weighted mean age plots for samples 19RN278 and 
19SPR004, respectively.
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Figure 36. (A) U-Pb Tera-Wasserburg Concordia and (B) weighted mean age plots for sample 19ET034.

tively (figs. 27 and 28, table 2)—similar to those observed in the Northeast Tanacross map area (Todd and 
others, 2019; Wypych and others, 2020) and Alaska Highway Corridor (Solie and others, 2014). Additionally, 
an orthogneiss sample (19ADW202) from unit MDlo yielded an age of 370.6 ± 8.3 Ma (fig. 29). All the sam-
ples have minimal Pb loss and are interpreted to represent crystallization of the igneous protoliths. Inherited 
zircons found within the zircon population of the Lake George assemblage metasedimentary units are of 
typical Precambrian age. 

Parautochthonous Jarvis Belt
A sample of metarhyolite (MDmr; 19ET034) yielded an age of 366.8 ± 8.1 Ma (fig. 36, table 2). This 

unit correlates with “felsic schist and quartzite” (unit Ms) from Alaska Highway Corridor map (Solie and oth-
ers, 2019) and a metarhyolite from that unit yielded a zircon age of 351.7 ± 9.3 Ma (Solie and others, 2014).
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APPENDIX A
PALEOGENE SAMPLES

19ET277 | 4X 1 mm 19ET277 | 4X 1 mm

19KS100 | 4X 1 mm 1 mm19KS100 | 4X 

alt plag
qtzalt plagqtz

19AW256 | 4X 1 mm 19AW256 | 4X 1 mm

fs qtz

qtz

qtz
qtz

qtz

qtz
fs

PPL images on the left and XPL on the right.  
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LATE CRETACEOUS INTRUSIVE SAMPLES

1 mm1 mm19RN359 | 4X 1 mm 1 mm19RN359 | 4X 

19RN282 | 4X 1 mm 19RN282 | 4X 1 mm

19TJN243 | 4X 1 mm 19TJN243 | 4X 1 mm

cpx cpx

plag plag

19WCW037 | 4X 1 mm 19WCW037 | 4X 1 mm

1 mm1 mm1 mm19RN287 | 4X 1 mm 19RN287 | 4X 

19RN287 | 4X 1 mm 1 mm

1 mm

19RN287 | 4X 

hbl

mt

kspar
chl

bt

plag

ser

mt ttn mt
ttn

PPL images on the left and XPL on the right.  
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MID CRETACEOUS SAMPLES

19ADW053 | 4X 1 mm 19ADW053 | 4X 1 mm

qtz qtz

19ET054 | 4X 1 mm 19ET054 | 4X 1 mm

1 mm19JEA029 | 4X 1 mm 1 mm19JEA029 | 4X 

19ADW016 | 4X 1 mm 19ADW016 | 4X 1 mm

19ET102 | 4X 1 mm 19ET102 | 4X 1 mm

allanite

qtz

bt + chl

allanite
alt-fs

PPL images on the left and XPL on the right.  
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19ET288 | 4X 1 mm 19ET288 | 4X 1 mm

19ET146 | 4X 1 mm 19ET146 | 4X 1 mm

19WCW039 | 4X 1 mm 19WCW039 | 4X 1 mm

19TJN181 | 4X 1 mm 19TJN181 | 4X 1 mm

19RN423 | 4X 1 mm 19RN423 | 4X 1 mm

chl

mt

chl

mt

MID CRETACEOUS SAMPLES, CONTINUED
PPL images on the left and XPL on the right.  
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19AW200 | 4X 1 mm 19AW200 | 4X 1 mm

19RN222 | 4X 1 mm 19RN222 | 4X 1 mm

19TJN231 | 4X 1 mm 19TJN231 | 4X 1 mm

19SPR102 | 4X 1 mm 1 mm19SPR102 | 4X 

19TJN299 | 4X 1 mm 19TJN299 | 4X 1 mm

fs

qtz

fs

qtz

19SPR027 | 4X 1 mm 19SPR027 | 4X 1 mm

hbl

act

plag
ser

MID CRETACEOUS SAMPLES, CONTINUED
PPL images on the left and XPL on the right.  
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 ALLOCHTHONOUS KLONDIKE ASSEMBLAGE SAMPLES

19ET098 | 4X 1 mm 19ET098 | 4X 1 mm

1 mm19ET126 | 4X 1 mm 1 mm19ET126 | 4X 

epidote

PPL images on the left and XPL on the right.  
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ALLOCHTHONOUS LADUE RIVER UNIT SAMPLES

19RN278 | 4X 1 mm 19RN278 | 4X 

19RN278 | 4X 1 mm 1 mm

1 mm

19RN278 | 4X 

chl + bt
oxides

allanite

19SPR004 | 4X 1 mm 19SPR004 | 4X 1 mm

PPL images on the left and XPL on the right.  
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ALLOCHTHONOUS LADUE RIVER UNIT SAMPLES, CONTINUED

1 mm19ET158 | 4X 1 mm 1 mm19ET158 | 4X 

altered hbl

quartz vein
19WCW048 | 4X 1 mm 19WCW048 | 4X 1 mm

19ET045 | 4X 1 mm 19ET045 | 4X 1 mm

19AW285 | 4X 1 mm 1 mm19AW285 | 4X 

chl

ttn

19WCW067 | 4X 1 mm 19WCW067 | 4X 1 mm

PPL images on the left and XPL on the right.  
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PARAUTOCHTHONOUS LAKE GEORGE ASSEMBLAGE SAMPLES

19ADW351c | 4X 1 mm 19ADW351c | 4X 1 mm

garnet

19ADW202 | 4X 1 mm 19ADW202 | 4X 1 mm

19SPR174 | 4X 1 mm 19SPR174 | 4X 1 mm

PARAUTOCHTHONOUS JARVIS BELT SAMPLE

19ET034 | 4X 1 mm 19ET034 | 4X 1 mm

PPL images on the left and XPL on the right.  

PPL images on the left and XPL on the right.  
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