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Introduction and Summary. The Ilyinets impact structure has a present-day diameter of about 3 to 3.5 km and 
is situated in the western part of the Ukrainian shield at 4g007'N and 2g006'E (Fig. 1). The crater formed in Precambrian 
basement, and most of it is presently covered by Quaternary sediments. The structure is deeply eroded, but various types 
of impact breccias and melts are exposed in its southern section. Several drill cores have been obtained from within the 
crater, indicating that it is a complex structure with a central uplift that is surrounded by an annular deposit of breccias 
and melt rocks [I]. In the annulus, brecciated basement rocks are overlain by up to 80 m of allochthonous polymict 
breccia, which is overlain (and partly intercalated) by suevitic breccia with a thickness of up to 130 m. Impact melt rocks 
occur within and on top of the suevites, in some cases in the form of devitrified bomb-shaped impact glasses. The age 
of the Ilyinets structures has been determined to be about 400 Ma [I]. We have studied the petrographic and 
geochemical characteristics of 8, mostly shocked, target rock samples (granites, gneisses, and one amphibolite) obtained 
from drill cores within the structure, as well as 13 impact breccias and melt rock samples from cores and surface 
exposures. Multiple sets of planar deformation features (PDFs) are common in quartz, K-feldspar, and plagioclase of the 
shocked target rocks. The breccias comprise more or less devitrified impact melt with shocked clasts. The impact melt 
rocks ("bombs") show abundant vesicles and, in some cases, glass is still present as brownish-colored patches and 
schlieren. All impact breccias (and melt rocks) are strongly altered and have significantly elevated K contents and lower 
Na contents than the target rocks. The bomb-shaped melt rocks also have lower Mg and Ca contents than other rock 
types at the crater. No significant siderophile element enrichments (e.g., Ni, Co) has yet been found in the impact melts. 

Geology and Samples. The first reports of unusual rocks in the area of the Ilyinets crater date back to the 19th 
century, but, for a long time, it was assumed that it represents a volcanic feature [I]. Masaitis et al. [2] recognized the 
presence of shock deformation features in the exposed rocks and, thus, confirmed that Ilyinets is an impact structure. 
Currently, seven impact structures are known within the Ukraine (Fig. 1). The Ilyinets crater is situated within 
Precambrian crystalline basement of the Ukrainian shield, with a central uplift about 0.5 to 0.7 krn in diameter. Target 
rock types comprise granites, gneisses, charnockites, and, rarely, gabbro and amphibolite. The ages of these basement 
rocks are on the order of 2 - 2.2 Ga [2], Several drill cores have been obtained within the structure. We obtained eight 
target rock samples from drill cores N 2100,5008, and 18480. Cores N 2100 and 5008 were drilled about 400 and 600 
m north of the center of the crater, respectively,just outside the central uplift. Core 5008 reached a depth of 330 m. Core 
18480 was drilled in the southern part of the crater trough, about 1.5 km from the crater center. Target rocks are present 
in the lower part of the core in the form of fragmented and brecciated deposits. Impact breccias and impact melt rocks 
are found in the drill cores (e.g., in hole N 5008, melt inclusions are found from a depth of 190 m upwards, with the 
abundance of glass increasing with decreasing depth) and in quarries and erosional exposures mainly in the southern 
part of the crater. Thirteen impactite samples from drill cores 2100 and 18480 and surface exposures, representing a 
variety of impact melt breccias and melt rocks, were selected for petrographic and geochemical analyses. 

Results and Implications. Our sample suite comprises three types of rocks: a) unshocked to strongly shocked 
granitic and arnphibolitic target rocks, b) a set of various impact breccias including fragmental and melt breccias, and 
C) bomb-shaped impact melt rock samples. With the exception of the amphibolite sample, all target rock samples are 
shocked. Evidence for shock metamorphism includes (Fig. 2): multiple sets of PDFs in quartz, K-feldspar, and plagioclase; 
mosaicism in quartz; local melting of K-feldspar; intense kinkbanding of biotite. The various types of breccias represent 
more or less devitrified impact melt, with variable amounts of generally strongly shocked clasts. The clasts are granitoid- 
derived and contain multiple sets of PDFs in quartz, local mineral melting, and some diaplectic glass. Petrographically, 
the three "melt-bombs" are very similar to the other impact melt breccias, with a higher abundance of vesicles and some 
recognizable glass. Most clasts are completely melted or annealed, but in a few cases, granitoid precursors can be 
identified. Major and trace element concentrations were determined in all 21 samples, using X-ray fluorescence 
spectrometry (XRF) and instrumental neutron activation analysis (INAA). The ranges of the major element compositions 
of the target granites and the impact melt breccias and melt rocks are given in Table 1. Compared to the target rock 
compositions, all impact breccias have higher K and lower Na contents, in agreement with observations for other altered 
impact melt rocks [4]. The "melt-bombsM have lower Mg and slightly lower Ca contents than the other impact breccias, 
but otherwise the major and trace element composition and petrography of these two impactite types is very similar, 
implying a close relationship. A comparison between the average major element compositions of impact melts and target 
granites is shown in Fig. 3. Most of the chemical differences are likely to be the result of alteration. 
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Table 1: Major element composition of 
target granites and impact melt breccias 
from the Ilyinets impact crater, Ukraine. 

Granite Impact Melt 
Range Range 

SiO, 67.72-72.52 62.45 - 67.40 
TiO, 0.17-0.46 0.19 - 0.55 
A.&03 14.02 - 14.83 14.75 - 18.19 
Fe,O, 1.54 - 3.53 1.39 - 4.96 
MnO 0.02 - 0.06 0.01 - 0.08 
MgO 0.67 - 2.22 0.10 - 3.28 
CaO 0.36 - 1.87 0.33 - 3.30 
Na,O 2.62 - 5.52 0.40 - 2.83 
&O 2.71 - 6.00 3.60 - 12.23 
P,O, 0.05 - 0.16 0.03 - 0.17 
L.O.I. 0.41 - 2.02 1.20 - 3.70 Fig. 1: Schematic map of the Ukraine, with seven known impact 

structures (bold; filled circles). Major cities are also shown. The 
All data in wt.%, by XRF. hatched area indicates the extent of the Ukrainian shield. 

Fig. 2: Thin section microphotograph of Ilyinets samples. Top left: Multiple sets of PDFs in quartz; clast in devitrified impact melt 
breccia 1-11, 550 pm wide, crossed polars; Top right: devitrified melt associated with altered and strongly shocked granitoid 
clast in sample 1-10, 1.1 mm wide, parallel polars; Bottom left: typical spheroidal devitrification text of vesicular impact glass 
from "melt-bomb sample 1-20, 3.4 mm wide, crossed polars. Fig. 3: (Bottom right) Comparison of average impact melt breccia 
composition and average target granite composition. - 
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