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U-Pb PROVENANCE AGES OF SHOCKED ZIRCONS FROM THE K-T 
BOUNDARY, RATON BASIN, COLORADO; W.R. Premo and G.A. Izett, 
U.S. Geological Survey, Denver Federal Center, Denver, CO 80225 

U-Pb isotopic systema$cs b m  analyses of single zircons identify at least two provenance ages. -575 Ma 
and -330 Ma, for zircons from the impact layer of the K-T boundary, Raton Basin, Colorado. These data are a 
preliminary confhnation of results reported from the same layer [I]. The zircon provenance ages provide a unique 
signature for identification of the source crater since igneous rocks of these ages (or sedimentary rocks derived from 
them) must characterize part of the impact stratigraphy. 

The K-Tboundary interval in Western North America consists of a pair of thin claystone layers deposited 
in isolated coal swamps that extended from New Mexico to Alberta, Canada [1,2,3]. Both layers contain impact 
ejecta; the lower layer contains clay or phosphate pseudomorphs of tektites [4], and the upper layer contains a 
concentration of large shocked minerals and a major Ir anomaly [1,23]. These data, combined with the fact that the 
two layers are separated by a sharp contact, persuaded Izett [5] and Shoemaker and Izett [6] to conclude that the 
layers record two closely-spaced impact events. Altered tektites in the lower layer and large (0.65 mrn) shocked 
minerals in the upper layer allegedly wen? derived from the Chicxulub and Manson impact events, respectively. 

Heavy-mineral concentrates of the HF-insoluble residue from the upper layer in the Raton Basin contain 
zircon, tourmaline, garnet, allanite, epidote, and hornblende [1,3]. Krogh et al. [7] showed that the zircon crystals 
exhibit various types of shock effects, including multiple sets of shock lamellae and mosaicism. Our microscopic 
study of heavy-mineral concentrates from the upper K-T boundary layer shows that shocked zircons are most 
abundant at the Clear Creek North (CCN) site south of Trinidad, Colo. Mainly, the zircons are brown, opaque, and 
granular, but some are transparent and pale champagne in color. They typically are rounded crystals, 100-250-p~n 
long. Several crystals are twinned and a few others have offset healed f r a c m .  About 25 zircon crystals were 
studied optically; most show clear indications of shock metamorphism. From this group, we report U-W analyses 
from 4 zircons, including two euhedral crystals and two fragments that exhibited plycrystalline domains 
characterized by various degrees of transparency and color, probably reflecting variable-shock pressure. Zircon l(40) 
was gray and opaque, whereas zircons 3(40) and 5(40) were translucent and light-brown to gray. In contmst, zircon 
4(40) was translucent and yellowish-tan. 

Table 1: U-Pb isotopic data of shocked zircons from the K-T boundary at CCN 
Wgt. U* P ~ S  206~b/  206~bl  2 0 7 ~ b /  

Sample @g) (ppm) (ppm) 204pbt 2 3 8 ~ 9  206,s ~ ~ e *  
l(40) 9 1040 3 8 467 0.03291 0.05214 292 
(whole grain) (0.133) (0.276) (0.258) 
3(40) 4.5 650 6 2 354 0.07909 0.05886 562 
(whole grain) (0.169) (0.284) (0.182) i 4  
4(40) 4 460 40 299 0.06879 0.05905 569 
(fragment) (0.168) (0.431) (0.198) f 4  
5(40) 6 820 48 28 1 0.05096 0.05792 527 
(fragment) (0.083) (0.293) (0.172) M 

$ - The mpk weights were daemhd using r C.hn 4100 elcctdahce with an .pparcnt miairnmn aror of 40.35 pg, lending to 
minimum emm o f f  4 to f 10% in thwe ccmantration values. 

t - ?he= values arc n w  data and a corrected for laboratory blank (12 pg total Pb: 2061204 = 18.57; 2071204 = 1533; md 2081204 = 
37.81) or mass fnuionarim (0.13 f 0.05% per am.u.). Vdues in parentheses are twc-sigma e r m  in percent). Inammental biases 
were monitored through replicate analyses of NBS Pb Standard 983. 

5 - Radiogenic values corrected for laboratory blank (12 pg total Pb), mass fractionation, and i d d  Pb (assuming Stacey & Krarner model 
Pb values at 65 Ma). 

- 2cnpdL% age in M a  Errors are given at the 95% C.L 
Analyrical methods used were the same as those given in [8], using the multi-sample, vapor-dissolution technique of Krogh [9]. AU ages md 
errors are calculated using [lo]. 

The U-Pb data (Table 1) of four analyses are neither concordant nor *linear (Fig. 1). However, these 
zircons were shocked (and possibly annealed), &-sported, and deposited during (and possibly-hmediately just after) 
the K-T boundary impact event. Therefore, it is reasonable to assume that the impact event, which we know 
occurred at 65 Ma [l 11, may have incurred significant Pb loss in these grains. Three of the four data form an array 
between -578 and 66 Ma, however, with very large errors. Sample 1(40), in contrast, yields a 207~b/206~b age of 
292 Ma (-30% discordant). This analysis has an upper-intercept age of -330 Ma, assuming a lower-intercept age of 
65 Ma, which is similar to two of the fourteen analyses of [I]. Our other three data are similar to results from 
twelve of the fourteen analyses of [I] that yield concordia intercept ages of 65 33 Ma and 550 +10 Ma. However, 
sample 4(40), which is petrographically different, lies just off our array and defines an upper-intercept age of 590 k5 
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Ma, assuming a lower-intercept age of 65 M a  This slight deviation outside of analytical precision is seen in at 
least two of the data of [I] and leads us to believe that there is a grouping of zircon ages between -550 and 600 Ma, 
but apparently dominated by ages around 550 Ma [I]. Samples 3(40) and 5(40) are petrographically similar and 
yield a line that intersects concordia at 65.2 B.2 Ma and 571 k5.5 Ma (dashed line; Fig. 1). nearly matching the 
results of 65.5 33 Ma and 559 fi Ma from four analyses of polycrystalline zircon grains [I]. 

Because these results scatter significantly beyond that allowed by analytical precision strongly suggests to 
us that the souroe of the shocked material in the upper layer of the K-T boundary in North America was composed 
of rocks (or sedimentary rocks derived from them) of several ages. Previously. the upper layer was thought to be 
ejecta from the Manson crater of central Iowa because of the abundance of shocked quartz and feldspar [41. If this 
contention is true, then our zircon ages and those of [I] serve as a unique signature to match against the impact 
stratigraphy at the Manson site (a study to investigate the zircon contents of selected horizons at Manson is 
presently under way). Late Proterozoic, Paleozoic, and Mesozoic sedimentary rocks are a major part of the Manson 
impact stratigraphy [12] and many of these units, if not a mixture of them, could be the zircon source. Intuitively, 
it would appear that the impact stratigraphy at Manson should contain zircon populations at least partially derived 
from the surrounding Archean-Proterozoic shields, and the fact that none of the nineteen analyzed grains are older 
may suggest an alternative source crater. 

K-T Boundary zircons 

/' 571 k5.5 and 65.2 k9.2 Ma 
(samples 3 & 5 only) 

Although reliable radiometric ages have not been reported for the Paleozoic basement at the Chicxulub 
impact site on the Yucatan peninsula of Mexico [13], it is probable that Pan-African (ca. 500-700 Ma) orogenic 
rocks or their metamorphic equivalents underlie the thick Cretaceous cover [14]. Similar zircons have been retrieved 
from the K-T boundary on Haiti. The present interpretation of two layers at most North American K-T boundary 
sites suggests two separate impact events; however, it is also possible that the shocked material in at least the 
upper layer was derived from different source rocks during simultaneous multiple impacting. 
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