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ABSTRACT 
Classification of glass fragments into product type (sheet, container, or atypical) can be 
performed using elemental ratio thresholds, as measured by micro-X-ray fluorescence 
spectroscopy. The chosen threshold values are instrument-dependent and can be 
determined using a sample set of known glass samples of various end use types to 
minimize incorrect classifications and inconclusive results while maximizing correct 
classifications. 
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INTRODUCTION 

In forensic casework, it can be valuable to know whether recovered glass fragments 
originated from broken sheet or container objects. This knowledge may be of interest to 
investigators and can assist forensic examiners in characterizing the population of glass 
in a particular evidentiary environment.  

Published literature shows that the relative concentrations of certain elements, primarily 
calcium, magnesium, and iron, can be used to classify many transparent broken glass 
fragments as originating from either a sheet (window/flat glass) or container object [1, 2, 
3]. Two elemental ratios, Ca/Mg and Ca/Fe, have been previously proposed as being most 
useful in these classification decisions [4, 5, 6]. Magnesium is typically found in lower 
concentrations in colorless container glass compared to sheet glass, due to the 
intentionally different mixtures of raw materials intended for molded (container) versus 
float manufacture (flat) end uses. The level of iron is related to the preferred degree of 
colorlessness in the final product.  

In past casework, Oregon State Police glass examiners have used micro-XRF to make this 
classification, either by visually inspecting the sample’s spectrum to assess whether the 
magnesium peak is roughly the same size as the sodium peak (therefore classified as 
sheet) or significantly smaller (classified as container), or by calculating values to compare 
to thresholds proposed by previous published research. Literature supports the 

 
1 Oregon State Police Portland Metro Forensic Laboratory [retired], corresponding  
2,3 Oregon State Police Portland Metro Forensic Laboratory 
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determination of a numerical Ca/Mg threshold to make this classification, followed by an 
evaluation of the Ca/Fe ratio in certain circumstances. As forensic glass examination has 
evolved toward a more quantitative mode over the past decade, our organization’s glass 
examiners proposed validating the laboratory thresholds for these classification 
determinations in casework. Because inter-instrument variability can be a factor in these 
elemental ratios for different models of micro-XRF (particularly the source element, the 
detector type, and chamber configuration), as well as for other types of instrumentation 
used for elemental analysis of glass, these thresholds should be calculated individually 
for each instrument configuration.   
 

MATERIALS AND METHODS  

Glass samples in this research set were gathered from the laboratory’s existing glass 
reference collection and unbroken containers gathered from the building’s glass recycling 
bins. Data from previous casework samples of known glass were also included. The 
research set encompassed sheet and container glasses as well as glasses falling outside 
these categories (referred to as “atypical”). An effort was also made to include glass 
samples of colorless/pale tint as well as deeply colored samples, and to test both modern 
glass products and some samples manufactured via pre-float sheet and pre-automation 
container methods. The overall distribution of the 63 glass types in the research set is 
shown in Table 1; for more detailed sample descriptions, refer to Table 3. 

Table 1: Glass Research Set, original known designations 
Sample Type Quantity Descriptions 
Sheet 30 Vehicle and architectural windows, mirrors, tempered flat sheets 
Container 26 Food/beverage product containers, vintage canning jars 
Atypical 7 Cellphone glass, kitchenware, scientific glass coverslip 

 
Samples were analyzed using an EDAX Orbis micro-XRF spectrometer with a silicon drift 
detector (SDD) with the following parameters: 50 kV, 1000 μA, 3.2 μsec amplification 
time. Ten samples in the research set were analyzed in duplicate (or multiple replicates) 
using different collection times (ranging from 100Lsec to 500Lsec), fragment 
size/thickness and optics (ranging from 100 μm monocapillary to 2 mm collimator). In 
none of the replicate sets did a difference in sampling parameters result in a different 
source classification. Therefore, the remaining samples in this study were analyzed as a 
single run and only one set of parameters from each duplicated sample is included in the 
overall data. This choice was made for expediency in this study and based on the expected 
elemental homogeneity within a given mass-produced glass object. In actual analysis 
where glass comparison or classification is being performed, an examiner would ensure 
intra-sample consistency by replicate sampling and, if necessary, cleaning of sample 
surfaces. 
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For each sample, Orbis software was utilized to calculate the net intensity for four 
elements: silicon, calcium, magnesium, and iron. Building on previous research, two ratios 
were generated: (Ca/Mg)*0.1 and (Ca/Fe). The ratio data set was then sorted and 
displayed graphically in Excel to assess where appropriate classification thresholds would 
lie, attempting to minimize incorrect classifications (e.g., classification of a known 
container as flat sheet, classification of a known atypical sample as container) while 
maximizing correct classifications. After initial work to evaluate the data and establish 
classification thresholds, it was decided that inclusion of a third ratio, Si/Ca, would be 
beneficial. The use of the Si/Ca ratio was useful to eliminate samples from the 
classification scheme that were atypical of soda-lime glass and thereby reduce incorrect 
classifications resulting from using only the other two ratios. A flowchart scheme (see 
Figure 1) was created and tested for functionality by glass examiners and non-glass 
examiners provided with a set of raw data with which to calculate elemental ratios. Lastly, 
a set of additional 7 “blind” samples were analyzed and tested. The blind set included 
three containers, two sheets, and two atypical samples and intentionally included samples 
that were anticipated to pose classification challenges due to their color properties or 
product end-use.  
 
The entire data set is presented in Table 3 and the selected ratios are displayed graphically 
in Figures 2-6.   
 

RESULTS AND DISCUSSION 

As prior research has indicated, the Ca/Mg ratio is highly useful for classification of glass 
samples as originating from sheet versus container sources. The accuracy of classification 
using this ratio is increased if the Si/Ca ratio is first evaluated to designate atypical glasses 
as unclassifiable by this scheme. With the research data set, samples with a Si/Ca ratio 
larger than 2.5 were deemed unclassifiable; this designation included most of the atypical 
glasses in the research set. In addition, it was found that the flowchart scheme could 
result in incorrect classifications if the glass samples were deeply colored, such as a cobalt 
blue vitamin container and a deep brown beer bottle. Therefore, before beginning 
assessment of the Ca/Mg ratio, an examiner is directed to assess the visible color. Deeply 
colored samples are also designated as unclassifiable by the flowchart. In actual casework, 
recovered fragments may be so small that visible color is not apparent. In this situation, 
the examiner is advised to proceed with the classification scheme; however, it may be 
appropriate that the final classification result include a caveat that color assessment was 
not possible due to small particle size. For glass samples deemed unclassifiable due to 
either their visible color property or Si/Ca ratio, the remainder of the scheme will not be 
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applied as it is not suitable for glass of that type. Unclassifiable glasses are therefore not 
included in the error rate calculations of the use of the classification scheme itself. 

Note the difference between a sample deemed Unclassifiable versus one that is classified 
as Inconclusive. A classification of Inconclusive means that the sample’s elemental ratios 
fall within ranges of values that are not distinct for sheet or container populations. An 
Unclassifiable designation is given those samples that are unsuitable for classification 
attempts with this scheme altogether. Unclassifiable samples may be of non-soda-lime 
composition or be deeply colored with elements that unduly influence the chosen ratios 
in a way that could result in incorrect classifications. 

For those research samples found suitable for classification by this method, the Ca/Mg 
ratio is then utilized. With the research data set on this instrument, the (Ca/Mg)*0.1 
threshold value was determined to be 16. This value was selected by visually examining 
the distribution display of sample data and was found to be the same demarcation as 
previously presented by Ryland [6]. Samples with a (Ca/Mg)*0.1 value greater than or 
equal to 16 were classified as Container glass. Samples with a (Ca/Mg)*0.1 value less than 
16 were subjected to a secondary threshold assessment to determine whether their 
(Ca/Mg)*0.1 value was less than 16 but also greater than or equal to 11. If so, and the 
Ca/Fe value was also greater than the established threshold of 20, the sample was also 
classified as Container glass. For those samples with (Ca/Mg)*0.1 value less than 11 and 
a Ca/Fe ratio less than or equal to 20, the sample was classified as Sheet glass. Caution 
should be exercised with those glass samples with calculated ratios very close to the 
laboratory thresholds, collecting additional replicates and qualifying the reported 
classification interpretation. This classification scheme is illustrated in the diagram in 
Figure 1. 

When used as intended, this classification scheme can result in Inconclusive 
determinations in which the glass is deemed suitable for this classification scheme, but 
the scheme cannot differentiate whether it is a sheet or container sample. These would 
be glasses with mid-range (Ca/Mg) *0.1 values but lower Ca/Fe ratios than expected for 
containers, as well as those glasses with low values for Ca/Mg but higher than expected 
Ca/Fe ratios for sheet glasses. As shown in Table 2, the threshold values chosen for this 
instrument resulted in only two Inconclusive samples among the 63 glasses.  
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Figure 1: Classification scheme for glass using XRF elemental ratios. 

As seen in Table 2, the chosen threshold values resulted, among the research set, in an 
incorrect classification rate of 3.2% (2 of 63). With known sheet and container samples, 
the classification result was correct 89.3% of the time (50 of 56), and the chosen 
thresholds reached the expected determination of Sheet, Container or Unclassifiable with 
56 of the 63 samples (88.9%). A small number of glasses deemed suitable for classification 
(3.7%, 2 of 54) resulted in an Inconclusive result with the described scheme.  
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Table 2: Glass classification results with chosen threshold values 
Sample 
Type 

Classified 
correctly 

Classified 
incorrectly 

Unclass-
ifiable 

Incon-
clusive 

Notes 

Sheet 27/30 1/30 0/30 2/30 

Inconclusives include a windshield 
pane and a tempered sheet of non-
window origin. The incorrect 
classification was a window of ~1950s 
non-float manufacture classified as a 
container (this sample was later 
categorized as atypical for charting 
purposes) 

Container 23/26 0/26 3/26 0/23 

Unclassifiable samples include two 
deeply colored bottles and a vintage 
canning jar: unsuitable for application 
of this classification scheme. 

Atypical NA 1/7 6/7 0/1 
A kitchenware bowl was incorrectly 
classified as a container. 

Total 
50/56  
(89.3%) 

2/63 (3.2%) 
9/63 

(14.3%) 
2/54 
(3.7%) 

Note: Unclassifiables among known 
sheets and containers = 3/56 (5.4%) 

 

CONCLUSIONS 

In this research, a set of 63 samples was used to establish classification threshold values 
for laboratory use in casework. However, as future known samples are analyzed on this 
instrument, they will be added to a cumulative database. The established thresholds will 
be re-evaluated to encompass the additional data prior to any use of this classification 
scheme in casework. In addition, if the detector component or the entire instrument is 
replaced, new data must be collected to validate new thresholds for casework use. 

In forensic casework when glass fragments are classified using elemental ratios, reporting 
should include a statement about the limitations of the method, especially with fragments 
so small that the lack of deep color cannot be assured. Incorrect classifications may occur, 
although in this research set only one of 56 known sheets and containers was incorrectly 
classified, and it was a pre-float-manufacture sheet wrongly classified as a container. An 
additional incorrect classification was seen with one atypical glass: a kitchenware bowl 
classified as a container. However, the more common limitation, occurring with five of 56 
samples, was that a known sheet or container was deemed either unsuitable for 
classification or returned an inconclusive result using the thresholds determined by this 
research. An analyst must be aware that, in addition to actual atypical glasses, some actual 
containers and sheets will not be correctly classified no matter what thresholds are chosen 
by a laboratory. The selection of the thresholds should be done with the goal of 
minimizing incorrect classifications even though the number of inconclusive results may 
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thereby be increased.  
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Table 3: Research sample set. The color of the second column from the left indicates the known 
type of glass based on end-use: green = modern sheet glass; pink= container glass; blue = 
atypical glass. 

Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

1 

vehicle 
window, 
case 5445 1mm 3515 1720 33.2 1039 2.0 5.2 1.7 sheet 

2 

windshield 
outer, case 
4313 100µ 214 111 2.1 35 1.9 5.3 3.2 sheet 

3 

windshield 
inner, case 
4313 100µ 179 90 1.6 29 2.0 5.6 3.1 

sheet 

4 

vehicle 
window 1, 
case 194 1mm 2737 1286 23.9 733 2.1 5.4 1.8 

sheet 

5 

vehicle 
window 2, 
case 194 1mm 3275 1618 28.9 910 2.0 5.6 1.8 

sheet 

6 

vehicle 
window 3, 
case 194 1mm 2850 1366 24.3 638 2.1 5.6 2.1 

sheet 

7 

vehicle 
window 4, 
case 194 1mm 2888 1377 24.3 772 2.1 5.7 1.8 

sheet 

8 

vehicle 
window 5, 
case 194 1mm 2859 1350 24.9 762 2.1 5.4 1.8 

sheet 

9 
mirror, float 
side, #79 2mm 8733 3962 72.6 286 2.2 5.5 14 

sheet 

10 window 2mm 10190 4302 75.8 271 2.4 5.7 16 sheet 

11 

vehicle 
window 1, 
case 3355 1mm 2686 1348 23.7 1157 2.0 5.7 1.2 

sheet 

12 
window, 
#612 2mm 8761 4146 72.6 1491 2.1 5.7 2.8 

sheet 

13 
windshield, 
#195 1mm 2614 1221 21.1 399 2.1 5.8 3.1 

sheet 

14 
window, 
case 4124 2mm 9832 4860 83.4 352 2.0 5.8 14 

sheet 

15 
window, 
case 527 100µ 228 142 1.6 8 1.6 9.2 18 

sheet 
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Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

16 
window, 
#269 1mm 2538 1334 13.7 548 1.9 9.7 2.4 

sheet 

17 
window, 
#261 1mm 2715 1446 14.8 607 1.9 9.8 2.4 

sheet 

18 

vehicle 
window, 
case 217 2mm 6468 3343 50.3 1838 1.9 6.6 1.8 

sheet 

19 

vehicle 
window, 
OR-10 1mm 2721 1292 22.9 771 2.1 5.6 1.7 

sheet 

20 

vehicle 
window, 
OR-11 1mm 2205 995 18.3 1045 2.2 5.5 1.0 

sheet 

21 

vehicle 
window, 
OR-12 1mm 2606 1204 21.6 753 2.2 5.6 1.6 

sheet 

22 

windshield 
inner, FIU 
K1 1mm 2610 1277 8.5 391 2.0 15 3.3 

inconclusive 

23 

windshield 
outer, FIU 
K1 1mm 2399 1206 16.6 469 2.0 7.3 2.6 

sheet 

24 
tempered 
sheet, #425 2mm 8326 3780 69.8 172 2.2 5.4 22 

inconclusive 

25 

vehicle 
window, 
#492 2mm 8563 3889 63.8 1687 2.2 6.1 2.3 

sheet 

26 
windshield, 
#464 2mm 8670 4275 76.8 1624 2.0 5.6 2.6 

sheet 

27 

1959 bus 
window, 
#1061 1mm 1000 406 7.9 149 2.5 5.1 2.7 

sheet 

28 

clear 
colorless 
liquor bottle 
4 100µ 167 106 0.1 3 1.6 120 32 

container 

29 

slight yellow 
tint wine 
bottle 5 100µ 196 124 0.8 5 1.6 16 26 

container 

30 
liquor bottle 
K13 2mm 8794 4754 4.6 299 1.8 100 16 

container 
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Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

31 

clear 
colorless 
spice bottle, 
#977 2mm 1546 808 6.1 16 1.9 13 52 

container 

32 

clear 
colorless 
spice bottle, 
507 2mm 726 509 0.8 20 1.4 68 26 

container 

33 

clear 
colorless 
vintage 
canning jar 
#976 2mm 8670 4058 3.8 114 2.1 110 35 

container 

34 

green tint, 
Mexico 
origin 
beverage 
bottle, #479 2mm 8908 5153 3.6 328 1.7 140 16 

container 

35 

clear 
colorless 
liquor 
bottle, #487 2mm 8531 4653 3.7 153 1.8 120 30 

container 

36 

clear 
colorless 
liquor 
bottle, #488 2mm 8683 4958 9.6 146 1.8 52 34 

container 

37 

clear 
colorless 
perfume 
bottle, #505 2mm 17431 9664 25.1 188 1.8 38 51 

container 

38 

clear 
colorless 
liquor 
bottle, #606 2mm 8929 4750 16.2 52 1.9 29 91 

container 

39 

clear 
colorless 
vintage 
canning jar, 
#967 2mm 9333 2094 57.9 95 4.5 3.6 22 

unclassifiable 

40 

clear 
colorless 
bottle, #629 2mm 9160 5216 2.7 104 1.8 200 50 

container 
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Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

41 

green tint, 
Mexico 
origin 
beverage 
bottle, #590 2mm 9341 5544 2.6 364 1.7 210 15 

container 

42 

clear 
colorless 
food jar, 
#762 2mm 8804 4997 6.8 210 1.8 74 24 

container 

43 

clear 
colorless 
food jar, 
#764 2mm 5670 2608 5.3 94 2.2 50 28 

container 

44 

slight blue 
tint wine 
bottle, 
#1016 2mm 8948 5062 6.6 437 1.8 76 12 

container 

45 

slight blue 
tint wine 
bottle, 
#1017 2mm 8335 4650 6.8 440 1.8 68 11 

container 

46 

clear 
colorless 
beverage 
bottle, #881 2mm 9183 5532 9.8 132 1.7 57 42 

container 

47 

slight green 
tint, UK 
origin jam 
jar, #1064 2mm 9107 5271 32.6 196 1.7 16 27 

container 

48 

clear 
colorless 
food jar 100µ 173 104 0.2 3 1.7 43 37 

container 

49 

clear 
colorless 
food jar, 
#1066 100µ 161 118 0.2 3 1.4 53 42 

container 

50 

clear 
colorless 
food bottle, 
#1067 2mm 9876 6092 5.3 188 1.6 110 32 

container 
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Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/ 
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

51 

clear 
colorless 
beverage 
bottle, #1068 100µ 183 122 0.1 3 1.5 94 42 

container 

52 

window, pre-
float 
manufacture, 
#1052 1mm 2815 1982 1.8 269 1.4 110 7.3 

incorrect 
as 

container 

53 

Scientific 
cover slip 
glass 100µ 126 0.54 0.2 2 230 0.27 0.35 

unclassifiable 

54 

IKEA 
tableware 
bowl, #978 2mm 6293 3038 1.4 24 2.1 220 130 

incorrect 
as 

container 

55 

leaded glass 
wine glass, 
#979 2mm 5206 309 1.0 37 17 32 8.3 

unclassifiable 

56 
cellphone 
glass, #1001 100µ 130 4 1.7 1 29 0.3 3.7 

unclassifiable 

57 

blind A, 
cobalt blue 
vitamin 
bottle, #1071 1mm 2687 712 2.3 350 3.8 31 2.0 

unclassifiable 

58 

blind B, 
vehicle 
window, 
#1069 1mm 2849 1333 22.8 809 2.1 5.8 1.6 

sheet 

59 

blind C, 
tempered 
shower door, 
#1070 1mm 2471 1200 23.1 75 2.1 5.2 16 

sheet 

60 

blind D, vase 
made from 
wine bottle, 
#1073 100µ 188 62 0.3 3 3.0 22 25 

unclassifiable 

61 

blind E, 
cellphone 
glass, #1074  100µ 95 1 0.6 1 140 0.1 0.61 

unclassifiable 
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Sample 
# 

Info & 
tracking 
number 

spot 
size 

Si Ca Mg Fe 
Si/ 
Ca 

(Ca/ 
Mg) 
x0.1 

Ca/ 
Fe 

classified 
by 

flowchart 
as:  

62 

blind F, dark 
brown 
beverage 
bottle, #1072 100µ 157 93 1.0 20 1.7 9.7 4.7 

unclassifiable
-by color 

only 

63 

blind G, 
tableware 
drinking 
glass, #1048 1mm 10419 60 8.6 917 170 0.7 0.065 

unclassifiable 

 
 



JASTEE 2024; 13(1):16-33  Gates, Sizelove, Young: Classification of Glass Type 

Page 29 of 42 
 

Figure 2: Ca/Si elemental ratios plotted per sample number. By evaluating this ratio first, many 
atypical samples are eliminated from sheet or container classification by a value greater than the 
determined threshold of 2.5 (shown in red). The inset includes five data points from atypical 
glasses with Si/Ca ratios higher than the 0-5 range of the larger chart. 

Research Set Sample # 

Sample known category: 
S= sheet 
C= container 
A=atypical 
 

Data displayed for 
all samples. Si/Ca 
from 0 to 250. 
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Figure 3: (Ca/Mg)*0.1 elemental ratios plotted per sample number; all samples shown. The 
threshold of 16 is shown in red; samples with this ratio at or above 16 are classified as container 
glass. Note that sample numbers 39 and 60 (containers) and 53, 55-57, 61, and 63 (atypical) had 
been deemed unsuitable for classification based on the Ca/Si ratio. 
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Figure 4: Ca/Fe elemental ratios plotted per sample number; all samples shown. The threshold of 
20 is shown in red. Note that sample numbers 39 and 60 (containers) and 53, 55-57, 61, and 63 
(atypical) had been deemed unsuitable for classification based on the Ca/Si ratio. 
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Figure 5: Overlapped elemental ratios for all samples deemed suitable for classification by this 
scheme plotted per sample number. Sheets and container ratios are most likely to overlap in the 0 
to 30 range. See Figure 6 for more detail in this range. 

 

  

Research Set Sample # 
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Figure 6: Showing only values 0-30 for elemental ratios plotted in Figure 5. Sheets and container 
ratios are most likely to overlap in this range. Using this scheme, sheets 22 and 24 resulted in an 
inconclusive determination, and atypical samples 52 and 54 were incorrectly classified as 
container glass. Sample 62, a dark brown container, was incorrectly classified as sheet glass; 
however, observation of its deep color would make it unsuitable for this scheme if the fragment 
size allowed. 

 

 
 
 
 

 

 

 

Research Set Sample # 

(Ca/Mg)*0.1 > 16= 
container 

(Ca/Mg)*0.1 < 11 and 
Ca/Fe < 20 = sheet  

If 11 < (Ca/Mg)*0.1 < 16, 
and Ca/Fe > 20= container 


