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ABstrACt

The intense heat and pressure resulting from the detonation of the world’s first nuclear device in 
the New Mexico desert, July 16, 1945, severely altered the arkosic sand, producing the fused, glassy 
material referred to as Trinitite. The study of Trinitite is key to the development of nuclear forensic 
techniques that can provide crucial information about a nuclear event, such as device composition 
and radionuclide distribution. Moreover, nuclear blasts are often considered analogs to catastrophic 
natural events such as meteorite impacts, and it is well-documented that with increasing impact sever-
ity, zircon and quartz grains deform systematically. In Trinitite, a sufficient number of primary quartz 
and zircon grains remain identifiable. Here, a multi-technique approach (focused ion beam, scanning 
electron microscopy, transmission electron microscopy, and micro-Raman spectroscopy) is employed 
to study the micrometer-to-nanometer-scale deformation features in altered grains of zircon and quartz 
to constrain blast pressure and temperature conditions. Trinitite zircon grains consistently show an 
outer halo of fibrous baddeleyite, radiating from a relatively unaltered core; HRTEM images show 
complex twinning, likely originating from an intermediate, tetragonal zirconia precursor. Trinitite 
quartz grains show various states of melting that appear to vary predictably with depth below the 
surface of the desert sand. Grains occurring deeper than ~1.5 cm are crystalline, with occasional 
planar fractures at the optical scale. At shallower depths, a systematic increase in quartz vitrification 
is observed. Considered together, these data suggest maximal temperatures in excess of 1500 °C and 
pressures of <10 GPa, the latter being considerably less than for any natural impact event. Taken in a 
broader context, the implications of this work extend toward exploiting the use of advanced imaging 
techniques to improve our understanding of mineral processes in extreme, non-equilibrium environ-
ments at the near-atomic scale.
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introduCtion

The world’s first nuclear detonation occurred at 05:29:45 
on July 16, 1945, at the White Sands Proving grounds, a remote 
patch of desert in New Mexico, U.S.A. The plutonium implosion 
nuclear device referred to simply as “The Gadget” produced a 
blast equivalent to ~21 kt of TNT, and it was of similar design 
to the “Fat Man” bomb dropped on the city of Nagasaki just 
several weeks later on 9 August. The blast resulted in intense 
heat and pressure that fused the mineralogically simple arkosic 
desert sand (Staritzky 1950) into the post-detonation material 
(PDM) now referred to as “Trinitite.” This complex material 
shows remarkable compositional and textural inhomogeneity 
from the hand sample to the nanometer scale (see Bellucci et 
al. 2014; Eby et al. 2015). Although the first detailed petrologic 
description of the Trinitite material dates back to Ross (1948), 
it has been little studied until the past decade. Growing interest 
in nuclear forensics research has resulted in increased focus on 
PDMs, since these may elucidate significant clues as to bomb 
design, fuel composition, and source and processing of fissile 

materials. In the aftermath of a nuclear event, this type of forensic 
information could be key to identifying the responsible party 
(or parties), and reconstructing an accurate chain of events that 
resulted in the incident. Trinitite is an ideal PDM on which to 
work, as many of these details are known (Parekh et al. 2006; 
Rhodes 1986). Previous investigations have shown the suc-
cess of using textural (Bellucci and Simonetti 2012; Eby et al. 
2015), compositional (Bellucci et al. 2014, 2013c; Donohue 
et al. 2015; Eby et al. 2015; Fahey et al. 2010; Koeman et al. 
2013; Wallace et al. 2013), and isotopic (Bellucci et al. 2013a, 
2013b; Koeman et al. 2013) information to corroborate many 
of the bomb details. It has also been suggested that nuclear 
explosions may be analogous to natural, catastrophic events, in 
that similar alteration features may be observed in the affected 
geological materials. For instance, Eby et al. (2015) notes that 
Trinitite shares various characteristics with fulgerites, which are 
produced when lightning strikes sand, and tektites, which result 
from meteorite impacts.

The shock alteration of zircon and quartz grains has been 
extensively studied in both naturally (Chen et al. 2013; Grieve 
et al. 1996; Gucsik et al. 2004b; Joreau et al. 1996; Nakano et 
al. 2008; Pidgeon et al. 2011; Schmieder et al. 2011; Trepmann 
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