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Abstract

U-Pb ages for detrital zircons (DZ) augment paleocurrent, petrofacies, and deposystem analysis for provenance studies but DZ constraints
require shrewd orchestration. The exact sources of DZ grains are eroded away, with only analogues or deeper horizons remaining in the
provenance. Sediment dispersal systems mix DZ from multiple sources to generate integrated provenance signals that must be deconvolved to
understand. Since zircon U-Pb ages are not reset by any sedimentary processes and zircon is resistant to weathering, DZ ages define ultimate
bedrock sources but not necessarily proximate sources because recycling of DZ from older sedimentary rocks is common. As there are only a
finite number of basement provinces and volcanic belts of discrete ages in North America, DZ populations cannot readily contain grains of
other ages. Volumetric yields of DZ from basement rocks are controlled by varying zircon fertility of different source granitoids, and
proportions of DZ do not necessarily equate to proportions of total sand. Mafic volcanics yield few DZ grains of sand size, but polymodal
volcanic suites contribute abundant DZ to derivative sands. Detecting DZ grains derived from airborne ash clouds is challenging because
suspension transport in streams can carry fine sand for long distances without rounding the grains.

Despite inherent caveats, DZ studies provide advantages over other provenance tools. Intrabasinal paleocurrent trends cannot delineate
extrabasinal dispersal paths but DZ can. Petrofacies analysis largely founders for quartzose sands but DZ does not, and provenance signals
from DZ are geographically more specific than those from petrofacies. Facies analysis of deposystems can mistakenly relate stratal
assemblages that DZ shows had different provenances. Salient contributions of DZ studies to Cordilleran sedimentary assemblages include the
appreciation that transcontinental paleorivers loom large for sediment dispersal across cratons, and tectonically transverse and longitudinal
transport paths can deliver sediment jointly to basinal depocenters.
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WHY DZ PROVIDES ANEW LEASE ON PROVENANCE LIFE

paleocurrent and deposystem analysis can define intrabasinal sand transport
and petrofacies can define the general character of extrabasinal sand sources

whereas

DZ analysis defines specific source rock ages and extrabasinal sand dispersal
(zircon ages are proxy for qtz-felds ages as both derive from felsic igneous rocks)

thereby

wedding paleogeomorphology to paleosedimentology
(if sand is the bullets, streams and winds are the gun)

but

DZ cannot detect direct vs tortuous dispersal paths nor sand recycling
(nothing short of granulite metamorphism resets zircon U/Pb ages, which
pertain to ultimate bedrock sources rather than proximate recycled sources)



HOW U-PB GEOCHRONOLOGY WORKS FOR DZ GRAINS

Igneous zircon naturally contains plenty of uranium (100-1000 ppm) but little
non-radiogenic lead (ppb-ppt) — finessed by the common lead correction (CLC)
made with direct knowledge of the “%pp/?*Pb ratio measured in all DZ grains
(without adjusting “°Pb & ““’Pb to “°Pb* & “°’Pb*, DZ ages are slightly too old)

Double U-Pb decay system (*°°U — “°Pb* & U — “°’Pb*) provides internal
experimental confirmation that the U-Pb system in a DZ grain is undisturbed
(grains yielding discordant “®°Pb*/~°U & “°’Pb*/***U ages are rejected)

In practice, directly measure “°>Pb*/**U ratios (adjusted with the CLC) but
calculate °’Pb*/**U ratios from measured “°°Pb*/*"’Pb* ratios (adjusted with
the CLC) and the sure knowledge that modern “**U/?°U = 137.88 (precisely)

SPECIAL NOTE:
0ppx /238y ages are more precise for grain ages <1000 Ma
20pp*/29pp* ages are more precise for grain ages >1000 Ma
(the alternate ages are used accordingly for plots of DZ age spectra)
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KOLMOGOROV-SMIRNOFF (K-S) ANALYSIS
ALC algorithm courtesy of Jerome Guynn

calculates a probability P (taking into account all grain age uncertainties) that
two DZ age populations could have been derived by random selection of
grains from the SAME parent population
(implication: common provenance or recycled one from the other)

where P=1.0, two DZ grain populations are congruent (age spectra identical)
where P>0.05 (inverse of 0.95) cannot be 95% confident (a standard statistical
criterion) that two grain age populations were NOT derived by random grain

selection from the same parent population

CAVEAT: for full statistical reliability, need to compare two age populations
containing comparable numbers of grain ages
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SIGNIFICANCE OF ZIRCON FERTILITY FACTOR

Proportions of DZ grains of various ages in do not necessarily equate to

overall proportions of detritus from source rocks of those ages because

differential ZIRCON FERTILITY*of source rocks affects zircon yield
(*Moecher & Sampson 2006 EPSL 247:252-266)

most zirconium in magmas enters zircon rather than other minerals

granitic rocks of orogenic (subduction-related) arc igneous suites of all ages
(Cenozoic-Mesozoic-Paleozoic-Proterozoic-Archean)
contain mean Zr ~ 150 ppm and can be assigned a baseline
ZIRCON FERTILITY FACTOR (ZFF)=1.0

anorogenic Mesoproterozoic (1545-1360 Ma) and rift-related Neoproterozoic
(pre-lapetan 765-550 Ma) and Mesozoic (pre-Atlantic 200-165 Ma) plutons
contain mean Zr ~ 375 ppm for ZFF ~ 2.5

collision-related Grenvillean (Mesoproterozoic 1250-1025 Ma) assemblages
(granitoid-gneissoid) contain mean Zr ~ 525 ppm for ZFF ~ 3.5
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