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The IO index
We constructed a ratio of secondary iron oxide versus total iron-bearing oxide species (the IO index). The identified iron-bearing species are the secondary iron oxide and the lithogenic species as magnetite, and ilmentite. This ratio represents the intensity of chemical weathering versus physical erosion. The use of this mineral ratio allows us to minimize other factors e.g. dust material accumulation. This treatment therefore partially isolates contributions from crystalline bedrock in dust source mixed with pedogenic materials, thereby enable us to better track changes in summer monsoon precipitation than could be accomplished using iron oxide alone in this size fraction.
Methods Summary
Each sample was pretreated by adding 0.5 mol/L HCl and washing in an ultra-sonic bath for 30 minutes to remove carbonate cement. Most of the clay minerals were then removed by sieving. The samples were sieved using distilled water through sieves of mesh size 75 μm and 28 μm in diameter. However, the mesh size of 28 μm could easily be blocked by mineral particles. After sieving, we measured the true size range by using scanning electron microscope (SEM) because of the sieve’s limitations, the actual particles ranging between 5 and 100 μm. All the samples were extracted according to the same procedure. Around 0.5 g of dried sample was placed into a round mould (typically 30 mm in diameter) with epoxy resin to form a hardened block. The block was then ground down and then subsequently polished and coated with carbon before being examined with Mineral Liberation Analysis, on the platform of SEM.
Mineral Liberation Analysis (known as MLA) is a technique that was developed by JKMRC Queensland University. This technique combines back scatter image (BSE) analysis and energy dispersive X-ray (EDS) mineral identification to provide automated quantitative mineralogical information. We used a Quanta 650 MLA that was loaded with a Philips SEM and double Bruker EDS. The resulting dataset comprised 40,000 single-particles for each individual sample to produce a large and multivariate dataset. According to gray-scale histogram analysis, the Philips SEM generated BSE images with a high-resolution (0.1 μm). We set the minimum identification area at ~1 μm2. This micro-scale resolution could therefore be used to identify the grain size for each individual particle in the 40,000 particle dataset. Chlorite minerals could be identified by matching the EDS patterns of the analyzed particles with standard mineral spectra.

The Appendix Dataset 1D

A separate “xls” file, Dataset 1D, was used to display the mineral concentrations for 28 mineral species: quartz, plagioclase species, K-feldspar, micas and chlorite are most abundant. Heavy mineral species include hornblende, epidote, rutile, titanite, schorl, zoisite, garnet, zircon and apatite. Oxide mineral species, such as magnetite, Ti-magnetite, ilmenite and iron oxide, are listed separately. Other minor mineral species were also detected, e.g. monazite, pyrite, diopside, orthite, staurolite and kyanite. Additional minerals are grouped into “other minerals”.
Table 1A Sampling locations in the deserts of East Asia.
	Sample ID
	Field ID
	Latitude
	Longitude

	
	Taklamakan Desert
	

	1
	TK41
	39.92
	78.47

	2
	TK40
	39.46
	78.09

	3
	TK30
	38.61
	80.97

	4
	TK14
	37.18
	82.85

	5
	TK10
	38.23
	85.35

	6
	T4
	40.35
	88.2

	7
	TK25
	41.11
	82.43

	8
	T19
	39.55
	83.97

	
	Gurbantunggut Desert

	9
	G5
	45.15
	85.96

	10
	G15
	45.59
	88.82

	
	Qaidam Desert
	

	11
	W01
	37.9
	91.84

	12
	W06
	36.46
	94.37

	13
	W07
	37.36
	95.49

	14
	W04
	36.03
	97.78

	
	Badain Jaran Desert
	

	15
	BJ10
	40.25
	99.07

	16
	BJ09
	40.93
	100.63

	17
	BJ06
	42.02
	101.58

	18
	BJ01
	39.4
	101.95

	
	Tengger Desert
	

	19
	TGL019
	37.74
	103.09

	20
	TGL24
	38.94
	103.36

	21
	TGL35
	40.22
	104.18

	
	Mu Us Desert
	

	22
	MS11
	38.79
	106.73

	23
	MS02
	37.82
	107.4

	24
	BQ03
	40.45
	109.61

	
	Mongolian Gobi
	

	25
	MG25
	44.62
	102.38

	26
	MG17
	43.61
	104.57

	27
	MG14
	43.31
	105.87

	28
	MG08
	43.4
	109.55

	29
	MG05
	44.48
	110.03

	30
	MG01
	46.21
	108.77


