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Abstract Understanding the magnetic properties of natural sediments, which include magnetic

concentration, composition and grain size, is fundamental in paleomagnetic and paleoenvironmental
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studies. Systematic magnetic measurements and non-magnetic methods (e. g. , transmission electron
microscopy, TEM) provide detailed information of magnetic minerals. In this paper, we established a
high efficient magnetic extraction method to separate magnetic minerals from surface sediments of
Miyun lake in Beijing. We analyzed the bulk samples, magnetic extracts and residues. Saturation
magnetization (M), volume magnetic susceptibility (x) and saturation isothermal remanent
magnetization (SIRM) of the magnetic extracts is about 85%, 75% and 70% of the bulk samples,
respectively. Multiple-parameter rock magnetic measurements indicated that the major magnetic
minerals in sediments are multi-domain (MD) and single domain (SD) magnetite. TEM analyses
revealed detrital MD titano-magnetite, biogenic SD magnetite (magnetofossils) and authigenic

superparamagnetic (SP) magnetite. We propose that the combination of rock magnetism and

TEM observations is useful to accurately identify the magnetic minerals in sediments.
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Fig.1 Temperature-dependence of magnetic susceptibility of representative samples of Miyun Lake

Solid (dashed) lines represent heating (cooling) cycles, MYb8, MYe8 and MYr8 represent

the No. 8 bulk sample, extract and residue, respectively.

®1 BRRKEARYBEERNEAHIEE
Table 1 Rock magnetism parameters of magnetically extracted samples of Miyun Lake

BE Be/mT B./mT Be./B. M. /X1079Am?>  M,/Am’ M,./M, X

MYbl 36. 29 9.58 3.79 1.76 1.93X10* 0.09 3.19%
MYh2 36.92 9.43 3.91 1. 87 2.13X10* 0.09 3.24%
MYb3 36. 82 9.81 3.75 1.72 1.84X10°* 0.09 3.05%
MYb4 36.01 9.01 4.00 1.91 2.29X10°* 0.08 3.39%
MYb5 36. 85 9.61 3.83 1.77 1.92X10* 0.09 3.04%
MYh6 37.78 10. 66 3.54 1.72 1.69X10°* 0.10 2.80%
MYb7 37.81 10. 00 3.78 1.92 2.01X10* 0.10 3.11%
MYb8 37.35 9.83 3. 80 1.75 1.94X10°1 0.09 3.26%
MYel 28. 94 8.96 3.23 1. 64 1.58X10°* 0.10 4.04%
MYe2 30. 26 9.00 3. 36 1. 66 1.79X10°* 0.09 3.57%
MYe3 30. 16 9.57 3.15 1. 56 1.53X10°* 0.10 2.49%
MYe4 28.10 8. 44 3.33 1. 83 1.94X10°1 0.09 2.91%
MYe5 28.87 9.38 3.08 1. 83 1.64X10°* 0.11 5.99%
MYe6 32.90 10. 17 3.24 1. 47 1.44X101 0.10 6.74%
MYe7 32.58 9. 66 3.37 1. 60 1.68X10* 0.10 6.06%
MYe8 31.16 9.71 3.21 1.71 1.74X10 0.10 0.67%
MYrl 38. 04 12.93 2.94 0.324 2.03X1077° 0.16 11.19%
MYr2 38.46 14. 60 2.63 0.253 1.09X107° 0.23 21.36%
MYr3 39.17 14.91 2.63 0.217 8.63X10°¢ 0.25 17.99%
MYr4 37.90 14.76 2.57 0.272 1.17X10°° 0.23 18.21%
MYr5 36. 90 14.16 2.61 0. 245 9.61X10°6 0. 26 15.65%
MYr6 39. 48 15.31 2.58 0. 307 1.28X10°° 0.24 11.43%
MYr7 39.33 14.54 2.71 0.299 1.30X10°° 0.23 16.67%
MYr8 40.75 16. 16 2.52 0. 307 1.26X10°° 0.24 12.88%
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Fig. 2 The hysteresis loops and Day-plot of representative samples of Miyun Lake

(a)—(f) Hysteresis loops after paramagnetic adjustment, the top magnetic field in measurement is 1T; (g)—(h) Day-plot for all samples

(see Table 1), (h) is partial enlarged image of (g), the legend of (g) and (h) are same. MYb1(MYb8) . MYel (MYe8) and MYrl (MYr8)

represent No. 1(8) bulk sample, extract and residue.
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JEAEAE it 55 1 R A ot 1) 0 M JBURE R A | e I R
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Fig. 3

FORC diagrams of representative sample of Miyun Lake

(a)— () FORC diagrams (the thick contour lines indicate the regions of the FORC distribution that are significant at the 0. 05), the smoothing

factor are 3; (j).(k).(D) represent magnetostatic interactions distribution of (g), (h), (i) , respectively. MYbn, MYen and MYrn represent

No. n bulk sample, extract and residue.
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Fig. 4

Isothermal remanent magnetization (IRM) acquisition curves and gradient of

acquisition plots (GAD) of representative sample from Miyun Lake

(a)—(c) Isothermal remanent magnetization acquisition curves and gradient of acquisition plots; (d) The percent result of

different coercivity components of all samples. MYb8, MYe8 and MYr8 represent No. 8 bulk sample, extract and residue.
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Fig.5 Transmission electron microscopy (TEM) analyses and X-ray energy dispersive spectra (EDS) of the extract MYe8
(a) Detrital MD magnetite; (b) Authigenic SP magnetite; (c¢) Enlarged image of (b); (d) EDS results of selected areas in (a) and
(b). Blue, red, and black curve in (d) represents the X-ray EDS of the area indicated by the blue, red, and black dashed circles in

(a) and (b). Note the black curve in (d) from copper grid.
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Table 2 Parameters of magnetic extraction efficiency
for surface sediments of Miyun Lake

Sample  Mass/g M% Effus Effsus Effsirm
MYel 0.008 1.50%  81.77%  68.42%  68.98%
MYe2 0.010 1.96%  84.22%  79.10%  78.41%
MYe3 0.008 1.56%  83.23%  70.60%  73.52%
MYed 0.012  2.40%  84.76%  78.62%  75.19%
MYe5 0.009 1.80% 85.38%  83.10%  76.75%
MYe6  0.008 1.68%  85.41%  76.31%  68.82%
MYe7 0.009 1.82%  83.85%  76.33%  67.98%
MYe8 0.008 1.50%  89.35%  74.74%  68.00%
SEHME S 0.009  1.78%  84.75%  75.90%  72.21%
MYrl 0.433 86.62% 10.51%  8.06% 8.45%
MYr2  0.426 85.22% 5.10% 5.68% 6.34%
MYr3 0.428 85.68%  4.70% 6.24% 6.23%
MYr4 0.450 89.96%  5.13% 5.61% 5.95%
MYr5 0.449 89.74%  5.01% 6.12% 5.63%
MYr6 0.448 89.54%  7.57% 7.92% 8.23%
MYr7 0.464 92.76%  6.47% 6.12% 6.23%
MYr8 0.446 89.20%  6.48% 6.35% 7.49%

TFHIE 0.443  88.59%  6.37% 6.51% 6.82%
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Fig. 6 Transmission electron microscopy (TEM) analyses and X-ray energy dispersive spectra (EDS)
of magnetofossils in sample MYe8
(a) Chain-arranged structure of magnetofossils; (h) EDS of the area indicated by the red circle in (a); (¢) High resolution TEM
image of a typical prismatic magnetite recorded from [011] zone axis, and the Fast Fourier Transform (FFT) pattern indicate that

this particle is elongated along the [111] direction of magnetite; (d) Enlarged image of (¢). The image at the left bottom of (d)

is FFT of the magnetite crystal.
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