
Response to the referees 
 

We thank the two reviewers for carefully evaluating our manuscript. Our point-by-

point reply directly follows the referee comments (blue) and appears in black after 

each comment. New text passages in the manuscript are written in green, deleted 

passages in red. 
 

Response to referee no. 1 
 

Comment 1:  

As briefly acknowledged in the paper, the resin method of collecting dripwater organic 

matter needs to be tested for (i) potential fractionation of lignin monomers; (ii) 

loading capacity of DOC; (iii) effects of potential degradation for the one-year sampling 

time. 
We agree with the referee that these are important tests for future studies of dripwater organic 

matter collected on resins. However, we think that our current results can be used without these 

tests because all resin columns were treated in the same way concerning the type and amount of 

resin, the elution procedure and the sampling time, and because we compared only relative 

differences between the different cave sites and between soil, dripwater and speleothem samples 

and not absolute LOP concentrations or ratios. 

 

Comment 2: 

Although particulate lignin may not be completely solubilized and analyzed in the 

study, the authors should try to estimate how much particulate lignin may contribute 

to the record in speleothem (ratio of dissolved versus particulate lignin and how 

different are they in composition). 
To clarify the terminology: When we talk about lignin transported via particles in comparison to 

lignin transported in solution, we mainly mean LOPs (or fragments of lignin) that are adsorbed to the 

surface of mineral particles, and not necessarily particles that consist solely of lignin. The adsorption 

and desorption of LOPs or lignin to mineral surfaces is a continuous and repetitive process that 

depends on many parameters, as described in the soil continuum model by Lehmann et al. (2015), 

the regional chromatography model by Shen et al. (2015), and observed for example in the leaching 

and sorption experiments by Hernes et al. (2007). Thus, it is hardly possible to estimate the 

contribution to the speleothem record of lignin transported by particles compared to lignin 

transported in solution and how they differ in composition, at least on the basis of the current data. 

However, we agree that this is an interesting and important research question. To control and reduce 

the number of influencing parameters, we suggest using a combination of cave monitoring projects 

and artificial cave setups to study this question. 

We have amended the text in the manuscript on p. 13, lines 1-11, accordingly: 



“The Waipuna LOP results thus suggest that lignin in dripwater is at least partly transported by 

particles or colloids with dimensions > 0.45 µm, which will be favored by flow along fractures rather 

than seepage flow (which can allow the migration of low molar mass organic acids and nanoparticles; 

(Hartland et al. (2011), Hartland et al. (2012)). Lignin is likely to be adsorbed to mineral particles 

(Theng et al. (2012)) and can also form organic colloids by coiling with other organic substances 

(humic matter). The adsorption and desorption of LOPs or lignin to mineral surfaces is a continuous 

and repetitive process that depends on many parameters, as described in the soil continuum model 

by Lehmann and Kleber (2015), the regional chromatography model by Shen et al. (2015), and 

observed for example in the leaching and sorption experiments by Hernes et al. (2007). Our results 

show that the particles collected in the filters can be (at least partially) desorbed and eluted with 

methanol. In previous studies of lignin oxidation products in cave dripwater and speleothems, the 

samples were either not filtered before SPE extraction, or 1.0 µm glass fiber filters were used, which 

possibly accounts for the large difference between the LOP results of filtered dripwaters from 

Waipuna and non-filtered dripwaters from the Herbstlabyrinth (Heidke et al. (2018), Heidke et al. 

(2019)). These findings should be systematically investigated in future to better understand the 

transport processes of lignin into the cave system and to find a more suitable sampling method for 

lignin analysis in dripwater. For example, passive sampling methods with adsorption resins or filters 

could be more efficient and also easier to apply than whole water sampling. The contribution to the 

speleothem record of lignin transported by particles compared to lignin transported in solution and 

how they differ in composition is difficult to estimate on the basis of the current data. To control and 

reduce the number of influencing parameters, we suggest using a combination of cave monitoring 

projects and artificial cave setups to study this question.” 

 

 

Comment 3: 

Page 11, Line 4: I don’t quite understand this sentence “the relation between the 

different cave sites is similar”. I do see variations in the magnitude of change from soil 

to dripwater to speleothem among sites. What is the likely cause? Variability is also 

high for the same site. This needs to be considered. The conclusion is too strong. 
To better explain the meaning of the sentence “the relation [of the C/V and S/V ratios] between the 

different cave sites is similar”, we created another diagram similar to Figure 3(e) (new Figure 6 in the 

revised manuscript). In this figure, the ratios S/V (Figure 6 (a)) and C/V (Figure 6 (b)) are normalized 

to the respective ratios of Hodges Creek Cave (HC). This presentation shows that in all three sample 

types (soil, dripwater and flowstone), HC and NB have the highest S/V and the lowest C/V ratios, 

while WP has the lowest S/V, and DC the highest C/V ratios. This means that although the magnitude 

of change in LOP ratios from soil to dripwater to speleothem indeed varies among cave sites, the 

relative ratios show the same trend in all sample types. This in turn suggests that the LOP signature 



of the overlaying soil is at least partly preserved in dripwater and speleothem samples.

 

Figure 6:  Mean S/V ratios (a) and mean C/V ratios (b) of soil, dripwater and flowstone samples 

normalized to the respective mean S/V or C/V ratios of HC. 

Possible causes for the different magnitude of change of the LOP ratios from soil to dripwater to 

flowstone among the different cave sites can be differences in soil thickness, types of soil and 

vegetation density, which can all influence transport and degradation of LOPs. 

We have amended the text in the manuscript on p. 10, line 5 to p. 11, line 6 accordingly: 

“The C/V and S/V ratios in the leaf litter samples are representative of the current vegetation cover 

(Fig. 5), with low C/V and high S/V ratios for HC and NB (angiosperm southern beech forest), low C/V 

and low S/V ratios for WP (gymnosperm podocarp forest, apparently dominating the lignin input over 

the pasture), and comparatively higher C/V and medium S/V ratios for LX (tussock grassland). This is 

in line with the source specific ratios established by Hedges and Mann (1979). The ratios increase 

from Figure 6 shows the S/V (Fig. 6 (a)) and C/V (Fig. 6 (b)) ratios of all sample types normalized to 

the respective ratios of Hodges Creek Cave (HC). This presentation shows that in all three sample 

types (soil, dripwater and flowstone), HC and NB have the highest S/V and the lowest C/V ratios, 

while WP has the lowest S/V, and DC the highest C/V ratios. This means that although the absolute 

ratios increase from soil to dripwater or flowstone to speleothem and the magnitude of change 

varies among cave sites is similar, the relative ratios show the same trend in all sample types. This 

indicates in turn suggests that the general LOP signature of the overlying vegetation of the different 

cave sites is at least partly preserved in dripwater and speleothem samples, which is a precondition 

for using LOPs as a biomarker for past vegetation changes. Possible causes for the different 

magnitude of change of the LOP ratios from soil to dripwater to flowstone among the different cave 

sites can be differences in soil thickness, types of soil, and vegetation density, which can all influence 

transport and degradation of LOPs.” 

 

 



Comment 4: 

Same page [p. 11], Line 18: Microbial degradation often leads to decreasing C/V and 

S/V ratios. Hence, it can be ruled out. Also, the C/V ratio increases from LL to A horizon 

in Fig. 5a. Why? Do you think that plant roots may contain more C (it does happen for 

some species)? 
Possible reasons for the increase of C/V ratios from LL to A horizon and the increase of C/V 

and S/V ratios from soil to dripwater and flowstones have been discussed in detail on p. 11, 

lines 6 to 35. In brief, the main reasons probably are the following: First, the combined 

effects of leaching and sorption as described by Hernes et al. (2007) (discussed in lines 14-

18). Second, the higher oxidation state (more carboxylic acid functional groups) after 

degradation of C- and S-group LOPs, which leads to better water solubility and thus 

improved transport of C- and S-group LOPs compared to the less degraded V-group LOPs 

(lines 11-14). And third, the hydrolysis of the ester-bound C-group LOPs (lines 24-30). We do 

not think that the higher C content of plant roots plays an important role here, since the 

main contribution to the lignin pool in soils probably is from rotting leave litter and wood 

rather than plant roots. However, we cannot rule out a partial contribution of roots. 

 

Comment 5: 

Have you considered to analyze LOPs in soil solution (or WEOM from soils)? They seem 

to be more appropriate or relevant for dripwater comparison than soils. 
We agree that the water extractable organic matter (WEOM) might be more relevant for 

comparison with dripwater than the organic matter that can be extracted from soils via CuO 

oxidation with NaOH at elevated temperature. This might lead to an overdetermination of 

LOPs in soils, but the relative changes should still be similar, and the conclusion would not be 

changed. We used this method for better comparison of our soil and leaf litter results with 

published LOP ratios for different vegetation types, which used the same methodology (e.g., 

Hedges and Mann 1979). However, we will consider using WEOM instead of, or in addition 

to, soil samples in future studies. 

 

Comment 6: 

How would mineralogy of bedrocks affect the sorption and change of LOPs along their 

vertical transport? 
As the laboratory studies of Hernes et al. (2007) and Hernes at al. (2013) show, different 

soils and minerals have a significant influence on the sorption and fractionation dynamics of 

LOPs, which also depend on the lignin monomers, the conformation of lignin fragments and 

many other parameters. This was shortly discussed on p. 11, lines 14-18. However, it was not 

the goal of our present study to elucidate these influences, as this can be better done in 

laboratory studies with controlled parameters, such as artificial cave chambers. 

  



Response to referee no. 2 
 

Comment 1: 

I have a general comment about the origin of organics in speleothems. The authors 

consider that all the LOPs in the speleothems comes from the soils over the studied 

caves. However, how other sources of organic matter could impact the concentra-

tion/nature of organics in speleothems? This may include compounds of fossil origin, 

like coal strata in the bedrock (e.g. Gázquez et al., 2012) and organic matter 

introduced by animals (bat guano). If possible, the authors should discuss whether 

these sources (or others) could have an impact on the characteristics of LOPs in 

speleothems. 
It seems plausible that LOPs can also originate from coal strata in the bedrock, at least from 

low-grade coal. However, to our knowledge, there are no coal strata present in the bedrock 

of the studied cave sites. The flowstone samples were of rather light color, no dark amberine 

colors as in Gazquez et al. (2012) were observed. Only NB and HC showed some darker 

colored layers, but these could also originate from soil organic matter or trace elements. 

Bat guano probably does not play a significant role in flowstone LOPs from the studied cave 

sites. There are two native bat species in New Zealand. The long-tailed bat is an aerial 

insectivore, therefore its guano should not contain significant amounts of plant material. The 

short-tailed bat also feeds on fruit, nectar, and pollen in addition to insects, thus its guano 

could possibly contain traces of lignin. However, no visible bat guano layers were found on 

the flowstone surfaces, and the outer layer of calcite was edged away before the samples 

were dissolved to remove debris from the surface. Nevertheless, we cannot completely rule 

out a contribution of bat guano to the older flowstone samples. 
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