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Útdráttur 

Röntgenmyndir af tveim setkjörnum úr Karakul stöðuvatninu í NA Tajikistan, teknir með 10 

m millibili, voru búnar til og rannsakaðar til að athuga hvort röntgenmyndagreining sé fýsileg 

leið til bera saman setlög tveggja kjarna. Tengingarnar sem koma fram eru ekki eins 

nákvæmar og tengingar sem hafa áður fengist með XRF-aðferð (X-ray fluorescence). 

Fimmtán tengingar voru skilgeindar á milli sýnilega svipaðra setlaga í báðum kjörnum. 

Aðeins tvær þeirra voru í samræmi við XRF gögnin. Notkun á röntgenmyndagreiningu er ekki 

betri til tenginga milli setlaga í kjörnum en XRF-aðferð, en gagnlegar upplýsingar um 

setlagamót geta fengist með röntgenmyndagreiningu. Strokusýnisgreining leiddi í ljós í 

eftirfarandi röð eftir magni: lítil berg mulningur, aragonít, kalkspat, stór berg mulningur, 

skeljar af skelkröbbum (ostracoda), lífrænt efni, kísilþörungar. 

Abstract 

Radiograph images of two sediment cores from Lake Karakul in NE Tajikistan, taken 10 m 

apart, were prepared and analysed to check whether radiography imagery is an appropriate 

way to compare and correlate sediments of strata. The resulting correlation scheme is less 

detailed than a previously prepared XRF-based (X-ray fluorescence) correlation scheme. 

Fifteen connections were defined between apparently similar strata in both cores. Only two of 

those are consistent with the XRF-based correlation scheme. Basing correlations on 

radiography images is not better than those of XRF-data, but valuable information about the 

bedding structures can be obtained by radiography imaging. Smear slide analysis revealed in 

the following order by abundance: small detrital clasts, aragonite, calcite, large detrital clasts, 

ostracod shells, organic matter, diatoms. 
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1 Introduction 

As the surface of our earth erodes, the material that comes from the erosion builds up 

sequences of strata in certain environments such as ocean basins and valley floors. Lakes act 

like a trap for sediments and its accumulation rate depends on the rate of erosion and transport 

of the sediment in the area. Depending on accumulation rate and shape of the underlying 

ground the sediment builds up different kinds of bedding structures each with its own aspect 

of changing enviroment. Sediments represent good geological archives of climate and 

landscape change and continuous records are needed for most detailed reconstructions. When 

developing chronologies on sediment sequences researchers typically take samples with an 

even interval to obtain age estimates leaving the sediments in between with not as accurate 

age estimates (Bennett and Buck, 2016). It is important to develop chronologies in as many 

ways as possible, for dating every sample with interesting features is not always an option due 

to limited time for required analysis and resulting expenses. The aim of this study is to assess 

sediments of two cores from Lake Karakul, and to test radiography analysis as a tool for core 

correlation to establish a robust correlation and a synthetic master sequence based on the 

correlation of the two cores. Being able to correlate between sediment cores is important for 

paleoclimate studies. Often methods of correlation do not apply for the cores, strata might not 

be visible for inspection with the naked eye or the core must not be damaged by collecting 

samples during research. Radiographing is a non-destructive method of analysis of sediment 

cores. It provides high-quality images of larger particles and bedding structures of sediments, 

and can be used to assess the sediment accumulation rate between stratigraphic levels with 

absolute ages and for correlation of sediment cores obtained close to each other. 
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2 Study Area 

Lake Karakul is a deep brackish-water lake in the NE part of the Pamir mountain range in 

Tajikistan (Central Asia) at 3928 m altitude above sea level (asl; Mischke et at., 2010). The 

lake fills a closed basin that is ca. 45 km in diameter (Gurov et al., 1993) with an island in its 

northern part and a peninsula connected to the southern part that devide the lake into a 

western and eastern sub-basin (figure 1). The lake basin may have originated as an impact 

structure from a meteorite (Gurov et al., 1993), but a tectonic formation as a graben structure 

has also been proposed (Zhadin and Gerd, 1963; Hammer, 1986). The mountains around Lake 

Karakul consist primeraly of Paleozoic metasediments and Triassic granites but within the 

Karakul graben the sediment is dominated by Quaternary lacustrine and glacial deposits 

(Nöth, 1932). The lake collects its water from the snow-covered high altitude mountains that 

reach more then 6000 m asl. Glacial moraines and glacially striated boulders at the present 

water level are strong evidence that glaciers reached the present-day shore during the 

Pleistocene (Gurov et al., 1993). The lake‘s western part has a maximum water depth of 242 

m and the eastern sub-basin has a water depth of 20 m (Molchanov, 1929). The surface of the 

lake is frozen from the end of November to the end of May with an ice thickness of ca. 1 m. 

The lake has a salinity of 10 g/l, summer water temperature <13 °C and a Secchi depth of 19 

m (Zhadin and Gerd, 1963; Ergashev, 1978). A meteorological station on the eastern shore of 

Lake Karakul has recorded the climate since 1934 with a pause between 1995 and 2004, 

showing a mean temperature of -18.1 °C in January and 8.5 °C in July with a mean annual 

temperature of -4 °C. Precipitation in the area is overall scarce with 82 mm per year and it can 

vary with a minimum of 34 mm recorded in the year 1963 and a maximum of 142 mm in the 

year 2004. Colder periods of air temperature were recorded before 1940 and wamer periods in 

the 1960s and 1970s (Mischke et al., 2010). This dry and cold climate restricts vegetation to 

cold and drought tolerant plants such as Ceratoides krascheninnikovia, Artemisia pamirica, A. 

korshinskyi, Ajania tibetica, Stipa glareosa and Oxytropis immerse (Safarov, 2003). Present 

in the lake are green algae, aquatic macrophytes (Hammer, 1986), freshwater shrimp, 

molluscs and the Karakul Stone Loach (Zhadin and Gerd, 1963). No fishing is done in the 

water and thus there are no boats (Mischke et al., 2010). 



9 

 

Figure 1. Core location in Lake Karakul (circle). Solid white lines indicate positions of terminal moraines 

near the lake. Dotted lines indicate the positions of lateral moraines. Map included shows location of Lake 

Karakul in Central Asia (black dot) and in Eurasia (black arrow) (Mischke et al., in review). 
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3 Materials and Methods 

A UWITEC piston corer „Niederreiter 60“ was used to obtain two cores (KK12-1 and KK12-

2) from Lake Karakul at 12 m water depth in April 2012. The cores were shipped to the 

Alfred Wegener Institute (AWI) in Potsdam, split along its long axis and kept at 4 °C. The 

archive halves were shipped to the University of Iceland in 2016 and used to make radiograph 

images with an Adora Rad X-ray machine at 70 kW and 4 mAS in Orkuhúsið on 

Suðurlandsbraut 34 on 27 January 2017. Photographs of the cores were produced by Liv 

Heinecke with a line scan camera at AWI Bremerhaven in her ongoing  Ph.D. study (Mischke 

et al., in review). The images were cut and worked with in CorelDRAW Home & Student X8 

to produce a stratigraphically arrenged sequence of the core photographs. For correlations 

based on radiography images strata of core KK12-1 and KK12-2 were compared and 

matching strata identified based on similar shades of gray and visible bedding structures of 

the specific sediment beds and those below and above. The thickness of individual strata was 

defined as 

 Very thin strata: 1-5 mm thick layers 

 Thin strata: 5-9 mm thick layers and 

 Thick strata: ≥ 1 cm thick layers 

Sediment sections with typical or conspicuous structures were chosen for smear-slide 

analysis. Both dark and light-coloured strata were sampled for smear-slide analysis. To make 

the smear-slides samples were taken from the wet archive halves after cleaning the surface by 

scraping it with a plastic card. The wet samples were then split into wet and dry samples. The 

wet samples are prepared by putting them in a drop of Euparal mounting agent on a glass slide 

and then spread out with a toothpick and covered with a coverslip. The dry samples are 

prepared by freezing the wet samples overnight in a common freezer so that the water 

becomes ice. The samples are then put into a Buch & Holm Christ ALPHA 2-4 LSC freeze 

dryer which evaporates the ice without it going to liquid form again, this makes the sediment 

easier to spread out. After that the dry samples are prepared like the wet samples. A Leica DM 

750 P polarization microscope was used for smearslide analysis. XRF data were also 

produced within the frame of Liv Heinecke‘s Ph.D. study and a XRF-based correlation 

scheme based of the two cores was used here for comparison with the newly created 

correlation scheme based on radiograph images (Mischke et al., in review). The archive 

halves of the cores are stored in a cooler-room at 4 °C in the Askja sediment laboratory. A 

poster of the cores with photographs, radiograph images, radiograph matches and XRF-based 

correlations is attached as appendix 1. 
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4 Results 

4.1 Radiograph images of the cores 

The radiograph images of the cores are described keeping in mind that the core depth may 

overlap since thicker strata can occur in segments of predominantly very thin or thin strata or 

vice versa: 

Core KK12-1 is 1087cm long and segments in the core are generally relatively dark below 

555 cm core depth and lighter above. Very thin strata appear at the following depths: 1074-

1079, 1045, 1040, 1035, 1031, 980, 975, 972, 969, 967, 956-957, 941-942, 740-755, 655-682, 

465-503, 416, 381, 360 and 307-308 cm. Thin strata appear at the following depths: 958-962, 

942-946, 935-941, 832-860, 755-798, 570-655, 300, 184, 177, 173 and 43-57 cm. Thick strata 

appear at the following depths: 1020-1080, 930-1010, 820-860, 729-797, 691-695, 570-683, 

419-503, 381-383, 379-380, 361-364, 303-307, 301-302, 260-285, 125-157, 57-59 and 7-15 

cm. Segments with no or unclear horizontal strata appear in between very thin, thin and thick 

strata at the following depths: 990-1000, 860-928, 800-820, 525-570, 285-410, 160-260, 60-

122 and 0-43 cm.  

Core KK12-2 is 1226cm long and segments in the core are generally relatively dark below 

460 cm core depth and lighter above. Very thin strata appear at the following depths: 1170-

1226, 1140-1150, 1107-1120, 1080-1090, 953-961, 885-894, 850-870, 650-695, 560-607, 

496-540 and 473-474 cm. Thin strata appear at the following depths: 1170-1226, 1135-1150, 

1080-1120, 850-960, 675-692, 650-660, 585-607, 560-573, 495-540, 473, 420, 364-376 and 

60 cm. Thick strata appear at the following depths: 1059-1208, 946-1010, 850-912, 721-726, 

673-695, 489-600, 275-303, 75-197 and 55-64 cm. Segments with no or unclear horizontal 

strata appear in between very thin, thin and thick strata at the following depths: 1050-1057, 

1010-1036, 917-938, 725-809, 695-721, 460-473, 250-432, 65-237 and 0-55 cm. 
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4.2 Matches based on radiograph images 

15 matches based on radiograph images were defined (figure 2). The depth data of the 

specific stratigraphic levels are given in table 1. 

Table 1. Matches based on radiograph images, radiograph matches (RM). 

RM nr. KK12-1 (cm) KK12-2 (cm) 

1 335 290 

2 400 395 

3 670 685 

4 738 723 

5 824 743 

6 832 754 

7 845 767 

8 859 777 

9 941 876 

10 957 892 

11 972 898 

12 982 905 

13 1031 954 

14 1058 979 

15 1072 991 
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Figure 2. Fifteen matches (black lines) of the two cores based on radiography images. Photographs of the 

sediment cores are shown on the left side and the radiograph images on the right. 
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4.3 Comparison with XRF-based correlations 

An overlay of the XRF-based correlations and matches based on radiograph imaging is shown 

in figure 3. RMs 3 and 4 corresponded with the XRF-based correlations scheme but RM 1, 2, 

5, 6, 7, 8, 9, 10, 11, 12, 13, 14 and 15 did not. 
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Figure 3. Correlations based on XRF data produced by Steffen Mischke are indicated by dotted 

multicoloured and full coloured lines, matches based on radiograph images shown as black lines. 

Photographs of the sediment cores are shown on the left side and the radiograph images on the right. 
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4.4 Smear slide analysis 

Main characteristics of the sediments obtained by smear-slide analysis are provided in table 2. 

Components observed include: Aragonite, Calcite, detridal clasts, organic matter, ostracod 

shells and diatoms. 
Table 2. Main characteristics of smear-slide analysis (m = many, f = few and n = none). 

Samples Aragonite Calcite 

Large 
detrital 
clasts 

Small 
detrital 
clasts 

Organic 
matter 

Ostracod 
shells Diatoms 

  m f n m f n m f n m f n m f n m f n m f n 

12-1.1 (50cm) x     x     x     x     x     x         x 

                                            

12-1.2 (177cm) x       x   x     x     x     x         x 

                                            

12-1.6 (591cm) x     x     x     x       x   x         x 

                                            

12-1.6 (592cm) x     x     x     x       x   x         x 

                                            

12-1.7 (671cm)   x   x       x   x     x       x       x 

                                            

12-1.8 (737cm) x     x     x     x     x               x 

                                            

12-1.11 
(1059cm) x     x     x     x         x   x       x 

                                            

12-2.5 (290cm) x       x     x   x       x     x     x   

                                            

12-2.5 (331cm) x     x     x     x     x     x         x 

                                            

12-2.6 (402cm) x     x       x   x     x       x     x   

                                            

12-2.8 (558cm) x       x     x   x       x   x         x 

                                            

12-2.9 (687cm)   x     x       x x       x   x         x 

                                            

12-2.9 (723cm) x     x       x   x     x       x       x 

                                            

12-2.10 (778cm) x       x       x x     x     x         x 

                                            

12-2.10 (785cm)   x   x     x     x         x     x     x 

                                            

12-2.12 (960cm) x     x         x x       x     x       x 

                                            

12-2.13 
(1112cm) x     x       x   x       x   x         x 

                                            

12-2.13 
(1113cm) x     x     x     x       x       x     x 
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5 Discussion 

5.1 Assessment of the radiograph images 

Radiograph machines emit energy as electromagnetic waves or as moving high-energy 

particles which cause ionization and can be used for solid, liquid and powdered samples. 

When aimed at an object these waves pass through and are recorded on an image with a 

special detector. Dense material appears white on the radiographs while less dense material 

appears in shades of gray (How does the procedure work?, 2017). By looking at the 

radiograph images it is visible that in both cores below 400-450 cm core depth that the strata 

is predominantly very thin and thin strata, but thicker strata are predominant above that. 

Segments with no or few horizontal strata occur in the lower part of the cores but are 

predominant in the upper part. The very thin and thin strata could indicate periods of unstable 

enviromental conditions during deposition of suspended debris while the thicker strata could 

indicate more stable conditions, but thicker strata could also be formed in a single event like a 

flood or a debris flow as a result of an earthquake. The segments of the cores where no or few 

horizontal strata occur could indicate various processes such as glacier outburst floods, strong 

turbidity currents, bioturbation or disturbance during the drilling process. In KK12-1 there is a 

segment where drilling was unsuccessful but the radiograph images show the base of the 

disturbed sediments much better than the photographs see figure 4. Organic matter is present 

throughout both cores but in higher amounts at and above 778cm depth. This could indicate 

that segments occuring above but also below that depth with no or few horizontal strata could 

be bioturbated by living organisms either burrowing animals or by roots of plants. Some 

segments shows strata sloping into different directions which possibly represents sediments 

that were sliding down in the lake basin following an event of high sediment accumulation 

and resulting slope instability or an earthquake see figure 5. Some of the radiography images 

are lighter or darker in contrast to others, which makes the assessment of bedding structures 

and larger particles in the sediments more difficult. This could be because of the way the 

cores were lying on a patient room bed where the cores did not always lie exactly in the same 

position and at similar height on the soft surface of the bed. 
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Figure 4. Intervals on the scale is 10 cm. Segment of core KK12-1 (525-565 cm) where material is 

reworked resulting from an untimely release of the piston. Photographs of the sediment cores are shown 

on the left side and the radiograph images on the right. 

 

Figure 5. Intervals on the scale is 10 cm. Sloping strata in KK12-1 at (43-51 cm). Photographs of the 

sediment cores are shown on the left side and the radiograph images on the right. 
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5.2 Comparison of the radiograph images and 

photos 

A comparison of the radiograph images and the photos shows that the radiograph images 

often visualize more distinguished strata that are not readily observed on the photographs see 

figure 6. More such cases in KK12-1 are at and between in: 790-796, 682-688, 525-565, 325-

343, 125-160 and 43-55 cm core depth. In KK12-2: 850-870, 675-695, 585-609, 460-480, 

425, 350-370, 55-62 and 33-40 cm core depth see appendix 1. 

 

Figure 6. Intervals on the scale is 10 cm. Figure shows strata in KK12-1 (170-190 cm) that can be seen on 

radiograph images but not photographs as white layers in dark mass. Photographs of the sediment cores 

are shown on the left side and the radiograph images on the right. 

5.3 Matches between cores based on radiograph 

images 

The visual assessment of the radiograph images of core KK12-1 and KK12-2 and their 

comparison revealed 15 similar stratigraphic levels in the two cores which potentially match 

each other shown in table 1.  

RM 1: a 35 cm dark segment with inclined sediment layers, white spots and unclear layering. 

RM 2: a 30 cm dark segment with inclined cracks.  

RM 3: a 30 cm dark segment with thin white layers and unclear layering.  

RM 4: a 3 cm dark segment with a thin white layer.  

RM 5-8: a 50 cm segment with 1 cm thick white layers.  

RM 9-12: a 50 cm segment with 1 cm thick white layers, white spots and an inclined layer.  
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RM 13: a 4 cm dark segment with thin white layers.  

RM 14: a 5 cm segment with two 1-2 cm thick dark layers.  

RM 15: a 4 cm dark segment. 

Matching a single thin strata between cores will be difficult if thin and continuous beds occur 

which do not show large thickness variations to use as a locator. 

5.4 Comparison of correlations based on XRF data 

and radiograph images 

XRF (X-ray fluorescence) is a analytical method of determining the elemental composition of 

materials in a non-destructive way. With XRF analysis the chemistry of a sample is 

determined by measuring the secondary X-ray energy emitted from a sample when it is 

excited by a primary X-ray source and since each specific element produces a characteristic 

and unique fluorescent X-ray it can be very useful for analysis of material compositions (XRF 

Technology, 2016). Out of the 15 radiograph matches defined by visual inspection of the 

radiograph images only two were in agreement with the XRF-based correlation scheme see 

figure 6. For one suggested match RM 2 at 400cm depth in core KK12-1 there was no 

correlation based on XRF data available, so it is possible that there is a correct match there 

between the cores. Only few RMs were identified, thus correlation based on RMs might be 

generally difficult. 

5.5 Assessment of the smear slide analysis 

The smear-slide analysis showed the presence of large and small detrital clasts in all 

examined samples. They were both relatively well rounded and angular and a predominant 

shape was not noticed. The presence of relatively well rounded and more angular particles 

indicates the accumulation of both aeolian and fluvial sediments. Small (~10 µm) needle-

shaped aragonite crystals and rhombohedral calcite particles formed by biological and 

processes such as precipitation were found in all samples too. Some of the larger calcite 

particles enclose aragonite crystals. Hexagonal carbonate (not included in table 2) was found 

in most samples with euhedral shape which could indicate that they precipitated in the lake 

along with the aragonite crystals. Organic matter was present in most samples, but more in the 

upper part of the cores, appearing as transparent brown matter (~100-1000 µm) in between 

detrital and chemically precipitated grains. Ostracod shells and fragments were found in most 

samples but are more abundant in the upper half. A few diatom valves were noticed at shallow 

depth in two smear-slides: one in 12-2.6 at 402 cm core depth and another 12-2.5 at 290 cm 

core depth. The low number of diatoms found possibly reflects poor preservation conditions 

in the alkaline water of the lake (alkalinity 13.7 meq/l; Mischke et al., 2010) which promotes 

the dissolution of the diatom valves. 
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6 Conclusion 

Radiograph images provide different and often higher detail then photographs of the same 

strata in a sediment core and can be used to help strengthen the correlation and establishment 

of age-depth chronologies of sediment cores. Some differences of strata and some bedding 

structures can be distinguished in the radiograph images that are not visible in the 

photographs. It can be difficult to compare single thin strata between cores if the layers are 

more or less identical so using thicker strata that are near them to locate the thin strata in the 

second core can be useful. Problems with the contrast on the radiograph images could have 

been caused by the soft surface on which the cores were lying during image generation. Thus, 

future use of radiograph image analysis will benefit from the use of a hard surface beneath the 

sediment cores. Radiographing cores is a good way to improve the analysis of sedimentary 

structures and can provide additional information in comparison to commonly used visual 

logging and description techniques of sediment cores. A general understanding of the 

characteristics in the strata was aquired by smear-slide analysis. 
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